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MAGNETIC DATING OF VESUVIAN LAVAS

Pasquale Tiano
Abstract
A palaecomagnetic study has been carried out on Vesuvian lava flows emplaced since 79
AD. This involved both palaeodirection and palaeointens;ity investigaiions of samples
from sites on the W, S and SE slopes c;f the volcano. Thermal demagnetization of 3
component IRMsT susceptibility measurements and coercivity analyses have been
carried out on oﬁe pilot specimen per site in order to identify the magnétic carriers and
to estimate the magnetic grain size. The identification of the primary direction of TRM
was carried out following very stringent criteria (Incoronato, 1996). Palaeointensities
were evaluated using both a modification of the Modified Thellier & Thellier method
(McClelland et al., 1996) and the innovative microwave technique (Shaw et al., 1999).
This study has shown that establishing whether or not different exposures or flows are
| contemporaneous can be established and, in most, but not all, cases can be undertaken
successfully using magnetic information recorded by Vesuvian lavas to define the
geomagnetic field direction and intensity at the time of their eruption. It is shown that
numerous lava flows, outcropping on the W to S slopes of the volcano, must be
associated to a large eruption in AD 1631, conﬁrmian some previous studies. A new
age for a lava flow, ascribed in literature to the 1697 event, is suggested on the bé,sis of
both palaeodirection and paléeointensity investigations.- Signiﬁcantly ‘diﬁ’efent
properties have been found between microwave and thermal experiments although they
showed an exceptional level of agreement for the AD 1631 lava flow. In general the
trend the palaeointensity variationé was similar to that obtained by thermal processes for
the last few centuries from other European, Mediterranean and Near East regions

 (Aitken et al., 1989).
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Chapter 1

INTRODUCTION AND THE EARTH'S MAGNETIC FIELD

1.1 Introduction

Vesuvius is one of the most famous volcanoes in the world because of its dramatic
explosive eruption in 79 AD which entirely destroyed the Roman city of Pompeii. Equally
important, to a wide range of scientific aspects, are the age and nature of all the effusive
events that have occurred during the last few centuries until the 1944 AD eruption, since
which the volcano seems to be in a dormant state. In palacomagnetism, lava flows are
highly important as geomagnetic field recorders. Since observed records of geomagnetic.
directions (Gilbert, 1600) and intensity (Gauss, 1835) go back only a few hundreds years, to
obtain information over more remote times it is necéssary to look to the record that is
contained in rocks, sediments or artefacts.

Generally, it is assumed that when a lava is cooling down it acquires a hamral remanent
magnetization (NRM) with both direction and intensity reﬂecting.the geomagnetic field that

was present at the time of the extrusion. It is also assumed that most of the NRM held in

~ lava is of thermal origin (e.g. Thermo-Remanent Magnetization, TRM), with a relatively

small VRM (Viscous Remanent Magnetisation). Although these simple assumptions are the
basis of the magnetic recording mechanism in lava, there are still questions as to whether
the magnetic field measured in a lava is truly representati\}e of the geomagnetic field at the
time of extrusion. Geochemical and geophysical -changes can occur during and/or after a
lava has been emplaced and such changes could distort or mask the original TRM. One of
the purposes of this study is to establish how well historic Vesuvian lava flows can record
and retain both palaeodirections and palaeointensities information.

As all laboratory experiments, palacomagnetic experiments on lavas try to duplicate what

really happened in nature, and therefore are, in general, based on thermal mechanisms. One
. .



of the major problems is that mineralogical changes due to heating effects can occur during
the experiments, particularly as laboratory experiments are normally in an oxidising
atmosphere, while the interior of a lava, when emplaced, is commohly in a reducing
environment. Monitoring of sensitive parameters, such as susceptibility, and checking on
their repeatability during and after the experiments are regularly performed to avoid or
identify mineralogical alterations affecting the magnetic minerals. For palaeointensity
determination performed with the Thellier-type experiment (Section 3.4a), repeated checks
are necessary, but they are very time-consuming which is also a reason for the limited
palaeointensity data currently available. However, a new technique based on microwave
mechanisms has been developed (Section 3.4b) that should avoid the risk of mineralogical
changes and also reduce significantly the duration of experiments since the samples will be.
subjected to microwave power for no more than 10 sec. Both the Modified Thellier &
Thellier (MTT) and the microwave techniques for palaeointensity determinations will‘ be
used and compared in the present woric

Lava flows erupted at different time should record different geomagnetic fields aﬁd, if
the age of the eruption is known, should provide ‘information on long tenﬁ changes in
direction and intensity of the Earth’s magnetic field. Although it is known that geomagnetic =
directions and intensities can re-occur, they are unlikély to be identical at -any one time.
Therefore, correlation and discriminations between different lava flows can be made even
when eithér the directions or the intensities of the geomagnetic fields are very similar.
When a secular variatioﬁ curve has been established it can be also usefully use& as absolute
dating tools. All this information about different lava flows can converge in a better
under_standing of the frequency and nature of eruptive events. This could play an impdrtant
role in assessing the geo-hazard of a volcanic area such around Vesuvius, coﬁsidering that

about a million of people live around and some actual "on" the volcano.



1.2 The Present geomagnetic field
The magnetic field at every point on the Earth’s surface is described (fig. 1.1) by a
vector F, which can be divided in to a horizontal component, H,:
H=Fcosl
and éverﬁcal component, Z:
Z=Fsinl
where I is the inclination which varies between +90° and —90°. The 'inclination is

positive when the vector points downward (unlike Cartesian co-ordinates).

Geographic North

~
=7

(D s

Figure 1.1. Description of the Earth's magnetic field direction.
Declination, D, is the azimuthal angle between the horizontal component ,H, of F and geographlc north.
Inclination, I, is the vertical angle between the horizontal and F.

The north component, defined on the x axes, and east component, defined on the y
axes, are the geographic components of the earth magnetic field and are respectively;

X_Fcoslcos D
Y=Fcos/sinD



where D is declination, the angle from geographic north to the horizontal component,
ranging from 0° to 360°, positive clockwise.

For the geocentric axial dipole model (GAD), the declination (D) will be 0° at all
points on the Earth's surface, while the inclination (I) is related to latitude (A) by:

tanI=2tan A.

In 1832 Gauss applied the techniques of potential theory to a detailed analysis of the
Earth’s magnetic field. He determined the first four coefﬁ?;ients of the spherical
 harmonics of the field in which the first-order coefficient described the geoceﬁtn'c
dipolar nature of the majority of the field. The present geomagnetic field is obviously
more complex than a GAD field, and is better described by an inclined geocentric dipole _
model where the dipole is inclined at ~11.5° to the Earth’s rotational axis. The current
dipole moment is some 8.75 x 10> G cm® (8.75 x 102 Am?). This dipole provides the
best-fit that can be achieved using a single dipole model, and can account for 90% of the 7
observed field. At any given time, the direction of the surface géomagnetic field varies
spatially. Such variations are described by the higher order terms of the spherical
harmonic expansions. Such local complexities in the magnetic field are referred to as
the non-dipole field, which is calculated by removing the dipole field from the observed
geomagnetic field. This non-dipole field change with time and its variation can be
substantial even over historical time periods. The field also varies with time in both
intensity and direction. Over shorter periods of time; <10 kyr, these changes are termed

secular variations.

- 1.3 Geomagnetic Secular Variation
a - Directions
Changes with periods dominantly between 1 and 10° years constitute geomagnetic

secular variation. Geomagnetic observations during the last few 100 years show that
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over sub-continental regions, the patterns of the secular variation can be very similar.
This is certainly the case for the secular variation patterns observed in London (Fig.1.2),
Paris, and south of Italy. From one continent to another; however, the patterns-of secular
variation can be very different. This obsefvation probably reflects the changes in the
size of the non-dipole sources of geomagnetic field within the Earth’s core. Théré is no
long-term information about the time changes of this non-dipole field but during the last
hundred years it has shown a characteristic change well known as westward drift. It is,l
however, also thought that the non-dipole ﬁeld contains stationary components and it has
been suggested that eastward drift may also occur.

One of the main objectives of palacomagnetic investigations is to obtain recor_dsA of
such geomagnetic secular variation. In fact mosf of fhe information about it during the
last 10 ka has been provided by the palacomagnetism of archaeological artefacts

(archacomagnetism), Holocene volcanic rocks, and postglacial lake sediments.

Figure 1.2 Historic records of geomagnetic field direction at Greenwich, England.
Redrawn after Malin and Bullard.



b - Intensities

The magnitude of the geomagnetic dipole also changes with time (Fig. 1.3) but the -
available laboratory geomagnetic records span only the last 170 years. As for directional
studies,b héwever, records of the ancient ﬁeldl strength can be obtained from
archaeological materials and volcanic rocks. For the purpose‘ of comparing such data
from sampling sites at different latitudes it is necessary if possible to calculate the
equivalent »dipole moment for each determination. Such a dipole moment is called a
Virtual Dipole Moment (VDM) or Virtual Axial Dipole Moment (VADM). If no
knowledge of the magnetic inclination is available then the dipole axis is assumed to be
the axis of rotation during historical times. Such studies suggest that oscillations of up to
+50% of the mean value of the dipole moment appear to have occui;red during the last 10

ka with a possible period of roughly 10 * yr.
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Figure 1.3. Geomagnetic dipole moment over the past 10,000 years.
Error bars are the 95% confidence limits. Redrawn after Merrill and McElhinny (1983).
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1.4 Thesis Organisation

In chapter IT the basic magnetic properties of relevant magnetic minerals are
described, followed by a brief description of the ﬁvays in which rbcks écquire their
remanence. In chapter III Aall the techniques used in this thesié are described; including
methodology and instruments used for paléeodirections, palaeointensities, magneto-
mineralogical and grain size investigations. A brief dgscription of the software vused for
interpreting data and of the main statisticﬂ parameters is also given. The geological
background of the volcano, with a complete description of the eruptive history from 79 )
to 1944 AD, is given in chapter IV. In chapters V, VI, VII all the palaeodirection,
palaeointensity and magnetic properties of the lavas are analysed using the techniques
described in chapter III. In chapter VIII the magnetic properties are also discussed and
interpreted. In chapter IX all the site and sample results, both palaeodirections and
palaeointensities, are combined and discussed at a lava flow level. Results are pregented
in terms of mean values using the statistical pérameters and criteria described in chapter
O All the mean magnetic values obtained from both thermal and microwave
experiments are also compared with rock magnettc properties. Finally, a palaeoéecular
variation curve and a time-dependent curve are presented for palaéodirectioné. and
palaeointensities results.'The conclusions toge;her with some indications for further
work, are given in chapter X. A summary of the entire‘work of the breseﬁt study is.

shown in fig. 1.4.
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Chapter II
BASIC MAGNETIC PROPERTIES
2.1 Introduction
In this chapter the basic magnetic properties of relevant magnetic minerals are described,
follov&ed by a brief description of the ways in which rocks acqﬁire their remanence. More
detailed discussiohs, baséd on these general comménts, are given when interpreting the

results (Chapter 8).

2.2 The Main Magneti¢c Minerals

The magnetic cam'ers‘of rocks are mainly iron and titanium oxides such as magnetite,'
titanomagnetite, haematite and maghaemite. Although these oxides make up only a few
percent of the volume of rocks the rock magnetic properties largely depend on them. Iron
sulphides or manganese oxides may also become important when oxides of iron and titanium
are unusually scarce. The weak paramagnetism of silicate or hydroxide minerals containing
‘Fe* and Fe** ions is generally swamped by the stronger magneﬁsm of the les§ abundant iron
oxides.

2.2.a - Iron and Titanium oxides

- The most important ferrimagnetic minerals are iron (Fe) and titanium (Ti). These minerals
are usually plotted using a ternary diagram TiO, — FeO - Fe203 (Fig. 2.1). Movingr from the
left to the right the amount of ferric iron (Fe *") increases compared to the ferrous one (Fe*")
(or non-magnetic ions), while moving ﬁ'orh the bottom to the top the increasing amount of

titanfum (Ti) can be seen.



TiO

: ) IFe;0;
31_F83 04 Hematite
Magnetite

Fig 2.1 Fe and Ti oxides plotted on the ternary diagram TiO, — FeO - 1/2Fe 0,

i) Titanomagnetites

The titanomagnetites are opaqué, cubic minerals with compositions between end members
magnetite (Fe30,) and ulvospine_l (Fe,TiOy). The crystal structure of titanomagnetites is the
spinel structure. The spinel crystal .stmcture prodﬁces a preferred direction of magnetiz#tion
(= magnetocrystalline easy direction) along the cube diagonal [111]. The resultmg saturation
magnetlzatlon of magnetite is 4.8 x 10° A/m, and the Curie temperature is 580°C In the |
titanomagnetite series, Ti*" substitutes for Fe** as Ti content increases. The generalized
chemical formula for titanomagnetite is Fe; ;TixO4 , where x ranges from 0.0 for magnetite
to 1.0 for ulvospinel. The ionic substitution is 2Fes. — Fey+ + Tis , indicating that a
remaining Fe cation must change valence from Fe;. to Fe,. for each Tis. introdu.ced,b The
" convenient approximation that Fey. and F es+ are equally distributed between the sublattices '}
can be used for rapidly cooled titanomagnetites. This gives é linear dependence of saturation

magnetization upon the composition. So the addition of Ti. into the magnetite structure
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progressively decreases saturation magnetizatioﬁ M;. Equally .important is the observed
dependence of Curie temperature, Tc , upon Ti content. Both T¢ and Mg are functions of the
titanomagnetite compositional pMaa, X. Any titanomagnetite with x > 0.8 will be
paramagnetic at room temperature or above. |

MAGNETITE (Fe;04)

Magnetite is 2 very common magnetic mineral. It ié found in the vast majority of igneous
rocks and many metamofphic and sedimentary rocks. It has the cuBiC inverse spinel

structure and is ferrimagnetic (Néel 1948). The magnetite Curie temperéture of 580°C

corresponds to a transition from ferrimagnetic ordering to disorder. At low temperatures,

near -155°C, magnetite undergoes another magnetic transition (Verwey & Haayman 1941)
involving a decrease in crystallographic mmeﬁy and an associated change in electrical
conductivity.

ii) Titanohaematites

In most basic igneous rocks, titanohaematites and their <_>xidétion products constitute a
lesser portion of ferro-magnetic mmerals than do titanomagnetites. Haematite can be,
however the dominant ferromagnetic mineral especially for highly silicic and highly oxidized
igneous rocks. The titanohaematites are génerally opaque minerals with a magnetic structure
most easily described by using the hexagonal system.” Ionic subgtitution ‘in the
titanohaematite series is exactly as in titanomagnetites, with Ti** substituting for Fe** and one
remaining Fe cation, changing the valence from Fe? *to Fe*". The generalized formula is. Fe,_
x/Ti;/Ogv , where x ranges from 0.0 for haematite to 1.0 for ilmenite. The “Curie”
temperature has a simple linear dependence on composition, but. saturation magnetization
can vary in a complex fashion. |

HAEMATITE (aFe;0;)
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Haematite is a significant magnetic mineral in oxidised igneous rocks and sediments
formed in oxidising conditions. When preseni as fine grains haematite has a distinctive
blood-red colour. For pure haematite all cations are Fe’* and occur in layers altefnating with
layers of 0 anions. The net magnetization lies in the basal plane nearly perpendicular to
magnetic moments of thé Fe’" layers. Haematite is referred to as a canted antiferromagnetic
and has a saturation magnetization of ~2x 10° A/m. It is also very strongly anisotropic, with
an easy direction within its basal plane and is very difficult to magnetize along its ¢ axis.
Some naturally occurring haematite has additionai magnetizhtion referred to as defect
ferromagnetism, probably due to lattice defects or nonmagnetic impurity cations. These two
contributions t‘o'nét magnetization give haematite a weak ferromagnetism with Ms of about
2-3 x 10° A/m. - The temperature at which exchange coupling within the haematite
disappears, the Néel temperature, is 680°C.

iii) Ex'solutiort |

| Titaﬂomagnetites and titanohaematites start to crystallize at ~1300°C and sblid solution of
both is complete at high temperatures. -Although all compositions are possible at high
températuré, compositional' gaps develop at lower temperatures (Fig. 2.2). intermediate
compositions normally exsolve into Ti-rich regions and Ti-poor regions by solid state
diffusion of Fe and Ti cations. Titanomagnetites unmix at fairly iow temperature (~600°C),
hence exsolution is slow and is generally observed only in slowly cooled plutonic rocks. In
the titanohaematite series compositional gaps develop at higﬁer temperatures, hence

exsolution is more rapid.

12 -
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Fig.2.2: - Compositional gaps for titanohaematite and titanomagnetite. Nagata (1961)

Exsolution is very important for altering magnetic properties such as Ms and Tc; and for
increasing or decreasing effective grain size. In fact by exsblution, a -large homogeneous
grain can be transformed into a composite grain of much smaller Ti-poor (Fe-rich) regioﬁs
and corﬁplementary Ti-rich (Fe-poor) regions. |

iv) Low-temperature oxidation

Weathering of titanomagnetites at ambient surface temperatures, or hydrothermal
alteration at T < 200°C, can cause the production of cation deficient spinels. Maghemite |
(YFe;0; ) is the classic example of oxidation of magnétite. Its saturation magnetization is 42
x 10° A/m and it is usually physically metastable and hevasibly éhanges to a hexagonal
crystal structure (th@) on heating to 300°-500°C. Similar low-temperature oxidation of
| titanomagnetites produces cation-deficient titanoxhaghemites. |
2.2.b - Iron sulphides

PYRRHOTITE (FeS)
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The most magnetic of iron sulphides, the next most important magnetic mineral after the
iron oxides, is pyrrhotite. It is ferrimagnetic with a monoclinic structure. The majority of
natural pyrrhotites have compositions within the range Fe;Ss to FesSyo. The former has a
Curie temperature of 320°C while the latter has a slightly lower Curie terhperature of 290°C.
Addition of impurities, such as nickel; into the pyrrhotite lattice causes the Curie temperature
to be further lowered. In absence of stronger magn&ic minerals, pyrrhotite can carry a
useful palaecomagnetic record of the ancient geomagnetic field in some igneous rocks and

sediments. It also has a high susceptibility (Clark, 1984).

2.2.c - Iron hydroxides

GOETHITE (aFeOOH)

Goethite haspan orthorhombic structure. It is a very common mineral, particularly as a
weathering proouct. Although most goethites are antiferromagnetic, because of
uncompensated spins produced ’by oxygen ion vacancies, some are weakly magnetic, with a
Néel temperature of 120°C. They can acquire a..thermoremanent magnefiSaﬁon of low
intensity but very high coercwtty on cooling throogh its Néel temperature. It is chemically

unstable and is genefally desiroyed at about 120°C.

23- Magnetic domains and hysteresis loop

Many of the simple magnetic properties can be descﬁbed and better understood in terms
of hysteresis loops (Fig. 2.3). These describe the field dependence of magnetization plotting
the magnetization M on the vertical axis against magnetic field H on the horizontal axis.
Saturation Vmagnetization, M;, is the magnetization induced in the presence of a large (> 1 T)
magnetic field. The saturation remanent magnetization, Mgs is the remaining magoetizaﬁon
when the field is removed. By the application of a field, in the opposite direction to that first
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used, the induced magnetization can be reduced to zero. The reverse field which makes the
magnetization zero is called the coercivity -Hc. If this reverse field is reduced to zero at this

stage, then there would still be a positive magnetization.

= !
S
S M,
RS M,
3 /
S Hc /v /
= /
i
H : Magnetic field

Fig.2.3 : Magnetic hysteresis loop. ,
Ms = saturation magnetization: Mrs = saturation remanence: Hc = coercivitv force -

This happen because the zero magnetization at -Hc consists of two components which
cancel; an in-field négative magneﬁzation and a remanent positive magnetization In order to
effectively reduce the remanent magnetization to zero, after the subsequent withdrawal of
the -Hc, the hysteresis loop must reach a larger reverse field. This reverse field is called tﬁe
coercivity of remanence, -Hcr. The gradient of the initial magnetization curve (low field
reversible changes) is the initial susceptibility, K. A complete hysteresis loop is obtained by
cycling the magnetic field from an extreme applied field in one direction to an extreme bin thé
opposite direction and back again. |

2.3a - Domains and dbmain walls
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The hysteresis properties of ferromagnets are largely related to the arrangements of
magnetic domains. The material can be split up into many regions, called domains, (Weiss,
1907), each spontaneously magnetized in one direction. These domains can be magnetized
in different directions so that the sum of each domain magnetization can be zero. A The
magnetic domains are separated by zones of finite thickness known as domain or Bloch walls
(Bloch, 1930). The formation of magnetic domains produces a state of low total energy,
establishing a balance between various competing energies.

2.3b - Single-domain (SD) behaviour |

The shape of the loop of an individual single-domain grain depends on the onentation of
the grain with respect to the applied field. A’ single-domain grain with its easy magnetization
direction (long axis) parallel to the applied field will give a rectan@ar shape. In this c#se

| the magnetization simply flips through 180° when applying a coercive force. When the easy
mégnetization direction is perpendicular to the applied field the hysteresis loop has three
linear segments that pass trough zero. On application of a. ﬁeld the magnetization »turns
towards the field direction, but it returns to its original 'easj axis direction perpendicular to
the field direction on removal of the field. Obviously things in nature are not so schématic.
Most natural samples contain assemblages of single-domain | grains that have random
orientations of their easy axes. The net hysteresis loop hence, will result from the answer of
such random assemblages.

2.3¢ - Multi-domain (MD) behaviour

The mam effect of fhe application of an external field to a large multidomain grain is the
movement of domain walls that will produce the growth of domains with a magnetization
component in the direction of the applied field. On removal of the external field the
boundary walls may be blocked as they return towards their initial locations at local minimum

energy. In this way a multidomain grain can retain a remanent magnetization. When these

16



domain wall movements are irreversible, a sufficiently strong field is needed to jumps out of
the local "traps". This phenomenon is known as Barkhausen jumps. A multidomain grain is
completely saturated when all the domain magnetizations are aligned in the applied field
direction. The magnetic remanence of multi-domain grain as‘s‘emblages is much lo.wer and
less stable than that of single-domain grain assemblages. |

2.3d -Pseudo-single-domain (PSD) behaviour

The grains thét behave in this way play an important role in understanding magnetization
of rocks containing magnetiie or titanomagnetite. These grains cover an interval between
large SD grains and small multi-domains grains and show intermediate Mr/Ms and
intermediate Hc. The PSD grain—size interval for magnetite is approximately 1-10 pum.
Grains in this size range contain a small number of domains and can have substantial
magnetic moment. They can also .exhibit significant coercivity and time stability of remanent
magnetism.

2.3e -Magnetic relaxation

It describes how the remanent magnetization of an assemblage of SD grains decays with
time. It is defined by

M(1) = M,, exp (-t/7)
where.AMm is the initial remanent magnetization; #, the time and 7 fhe characteristic

relaxation tifne. The latter is defined by

1 (vhM,
T‘ce"p( AT )

or more simply

log'roc1
T
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where v is the volume of the grain and I the absolute temperature. Therefore, single
domain particles, on cooling, show a logarithmic increase in its relaxation time as it cools
from a temperature at or below its Curie temperature. The relationship between
temperature, volume and relaxation time for the case of a magnetic remanence acquired by
cooling in a magnetic field over temperature ranges below the Curie point (thermoremanent
magnetization) is clearly described by the graph in fig. 2.4. The temperature at which the
remanence, acquired during cooling in a magnetic field, becomes blocked within it for the
duration of the experiment, is called blocking temperature, Tb (or unblocking temperature,
Tub when, heating up, the remanence is lost). The 76 of any individual domain depends,

- _
hence, on its size and composition and also on the strengths and duration of the magnetic

field.
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Fig.2.4 General behaviour of a single domain grain of titanomagnetite in relation with
temperature, volume and relaxation time.

Note that the Tb of a larger SD grain (900 A) is much higher than a smaller one (700 A)
(dashed line). Redrawn after Tarling, 1983
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2.4 - Acquisition of Mggnetization

The magnetization acquired at the time of rock formation should be ideally the same, in
terms of directions, as the prevailing geomagnetic field acting at that time. Its intensity is
also directly proportional to the strength of the field. Such magnétization is the primary
componént of magnetization and in igneous rocks, is generally a thermal remament
magnetization (TRM). The magnetic minerals acquire this magnetization when they cool
below their characteristic Curie temperatures. In sedimentary rocks the main process of
acquisition is the detrital remanent magnetization (DRM) and it can be depositional or post-
depositional. In the last case it is the result of the aligning force of the magnetic field on a
magnetic grain at the sediment-water interface. Another type of remanence acquisition,
most common in sediments, is the chemical remanent magnetization (CRM,).

In some case a magnetization may not have been acquired at the time of rock formation.
In fact, it is very common that a rock contains secondary components» of magnetization.
These are acquired by partial remagnetization after formation of the rock due to heating,
lightning strikes, fluid or chemical alteration, or by influence of the geomagnetic field in a
different direction to that of the primary magnetization. For this reason most rocks are
referred to as multi-components. Whereby, they carry a primary component and a mix of
secondary components. The resulting total magnetization is called natural remanént
magnetization (NRM). The idéntiﬁcation of all the components constituting the NRM is not -
always possible and in many cases the primary magnetization cannot be récovered.
Furthermore; the common characteristic magnetic direction recovered from the majority of
samples in a rock, the characteristic remanent magnetization (ChRM), may not necessarily
represent the primary magnetization because it is poésible that a rock will be completely

remagnetized with no trace of its original primary magnetization remaining.
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2.5 - Thermal remanent magnetization (TRM)

TRM is the form of remanent magnetism acquired by most igneous rocks. As described
in section 2.2e, magnetic -moments of ferromagnetic grains will be stable to time decay at or
below the respective blocking temperatures. As temperature dgcreases through Tb of an
ind'rvidual SD grain, that grain has a dramatic increase in rélaxation time, t, and changes
behaviour from superparamagnetic to stable single domain. The total TRM can be brokep
into portions acquired within windows of blocking temperatures from Tc = 580°C down to
20°C. These portions of TRM, referred to as “partial TRM,” (pTRM), are related to the

TRM by the law of additivity of pTRM,;
_ l : |
TRM =Y TRM(Tbn)

The law describes that individual pTRMs depend only on the magnetic field during
cooling through their respective Tb mtewals This is fundamental for the application of the
thermal deﬁmgnetization technique. In facf it is based on the ability to remove components
of inagnetization held by grains with low Tb while leaving the higher Tb grains unaffected.

It is important to remember that the model of TRM acquisitioh considers only sipgle—
domain grains and, unfortunately, oniy a small peroenfége of grains in a typical igneous rock
are truly SD. Most graiﬂs are PSD or MD. It has been noticed that efficiency of TRM
acquisition drops off dramatically in the PSﬁ grain-size range from 1 um to about 10 um
while it seems that for grainsrof- d>10 Hm, the acquisition of TRM is inefficient. However,
PSD grains dé acquire TRM that can be stable against time decay and against
demagnetization by later magnetic fields, SD and PSD grains are the effective carriers of
TRM, while larger MD grains are likeiy to carry a component of magnetization acquired
long aﬁef original cooling. However, it has been observed that rapidly cooled volcanic

rocks generally have grain-size distributions peaking at d<10 um, with a major portion of
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the distribution within SD and PSD ranges. Thus, volcanic rocks are commonly observed to
possess fairly strong and stable TRM and minimal secondary components of magnetization

carried by MD grains.

2.5 - Thermal demagnetization A

A specimen can be demagnetized by heating to progressively higher temperatures and
cooling in zero magnetic field between measurement steps. All grains with unblocking
tempei'atures below the maximum applied temperature at eqch demagnetization step will
have their contribution to the specimen NRM removed. This technique of demagnetization,
usually referred to as progressive thermal demagnetization (PTD), ié the main one used for

the preseﬁt work and its modality will be more fully described in the section 3.3.
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Chapter 111

INSTRUMENTS, TECHNIQUES AND STATISTICS

3.1 Introductlon |

In this chapter all the techniques used in this thesis are described; methodology and
instruments used for palaeodirection and palaeointensity determination and for magneto-
mineralogical and graih suze investigations. It is also given a brief description of the
software used for inteipreting data‘and of the main statistic parameters used. Most
experiments were carried out at the Laboratory of Palacomagnetism of the Plymouth
University. In addition some other equipment was used at the Laboratorio di
Palacomagnetismo e Magnetismo delle Rocce of the University of Naples “Federico g
and at the Laboratory of Geomagnetism of the Liverpool University. In all laboratories,
the remanences were measured with a Molspin Minispin with similar noise;levels of about
0.03mA/m, with the exception of the microwave palacointensities (section 3.4b).

3.2 Thermal and magnetic calibration expertment

The MMTDl is a sophisticated programmable thermal demagnetiset that ca.n heat and.
cool palacomagnetic samples fully automatically. To apply correctly the PTDV(siection
3.3a) and the Thellier’s method (section 3.4a), a long and meticulous thermal calibration
to check the temperature inside the oven has been required to establish the internal
properties of the equipment. Nine pilot samples were used and were subjected to heating
and cooling -cycles from room temperature up to 500° C, on steps of 50 ahd from 500° C
up to 700°C on stepe of 20. To determine the correct temperature for each position
- inside the oven and for every step of measurements, high-temperatltre thermo-couples ih
silicon oil, were put inside holes drilled into each specimen and connected to voltmeters
outside the oven. The output \talues, in mV, were converted to °C using a cont/ersion
table obtained from experimental values (Fig. 3.1). The 9 specimens were placed in the
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oven always in the same place with a thermocouple in alternate specimens, starting at
specimen 1. Once the oven had reached its set temperature, the voltages indicated by the

voltmeters were recorded every 2 minutes until it stabilised (Fig. 3.2).

Thermo couple in silicon oil |
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Fig. 3.2 Example of recorded data while the oven set temperature was kept for 20 minutes.

The result of this experiment was that, up to 250°C, the specimens reached slowly the
temperature set for the oven (Fig.3.3a) but at the end of the process, the heating chamber

“failed to reach the set temperature by some 5-8°C -especially for the more external
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specimens. The results obtained between 300 and 500°C were complétely different. In
fact in this range the specimens nearest the door opening (1,3) gave always the lower
values while those in the middie (5,7) gave values highér then the set temperature. The
far specimenA (9) gave the closest value to the set temperature. In general, the heating |
" chamber failed to reach or overstepped the st temperature by ~10°C (Fig.3.3b). Over
500°C, all the specimens gave a higher value of about 25°C (Fig.3.3c) and the middle
_position (5) seemed to be the closgst to the set value. While these results indicate that the
heating chamber may be failing to uniformly reaéh the set temperature, the problem of
heat affecting the resistance of the wires connecting the thermocouple to the voltmeter is
unquantified as also how well the wires were connected to the specimens. In addition,
each_ specimen had a d1ﬁ‘erent mineralogy and magnetic properties and therefore they
could be heated to the same temperature yet give different results. This experiment
suggested that some consideration must be made when interpreting specimen
magnetization/demagnetization temperatures. The su'ength of the field that could be
applied dﬁring cooling was also tested. Two terminals, on the front panel of MMTDI,
were connected to a long close-wound solenoid. Passing a constant current through the
solenoid via the terminals creates a uniform constant magnetic field inside the oven: The
calibratidn factor for the oven, 0.44 pT/mA, was tested along with the uniformity of a

50uT field inside the oven at room temperature.
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Fig. 3.3 Behaviour at different temperature range at the internal, middle and extemal position.
a) 100-250°C; b) 300-500°C; ¢) 520-700°

3.3 Palaeodirections

a - Progressive Thvermaeremagnetization (PTD)

The procedure for PTD involves cycles of heaﬁng specimens, up to a certam
temperature (Tuemeg, and cooling down to room temperature in zero magnetic field. This
causes all grains with blocking temperature (Tg) < Tuems to acquire a random
“thermoremanent magneﬁuﬁon” in F ‘= 0, thereby erasing the NRM cérded by these
grains. In other words, for each step of temperéturé, the magnetization of all grains for

which (Tg) £ Taemsg is randomized.
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The PTD were carried out using a Schonstedt thermal demagnetizer (which is not
automatic as was the MTTD1) but allows work to be done with two set of specimens at
the same time. For this experiment, sets of 6 specimens were used and subjected to a
complete demagnetization starting from 100°C. Steps of 50° were used up to 300°, then
30° until 500° and finally 15° until the NRM waé considered negligible. Dealing with
VeSuviém lava flows spécimens (commonly characterized by titano-magnetite carrier),
smaller steps at higher temperature were chosen to get more detailed information when

approaching the Curie temperature of the constituent ferromagnetic minerals.

34 Palaeointesities
The original Thellier (1937,38) method of palaeointensity estimationv depended on
comparison of thermal demagnetization characteristics of the natural remanence and a
laboratory-imposed TRM. If the NRM was of thermoremanent origin, the NRM and
TRM demagnetization curves should be the same shape, scaled in proportion to the
geomagnetic field in which they were acquired. Acceptance of results was reliant on
internal consistency because the method allowed no checks on alteration during heating. :
This is a major uncertainty in this type of method and the original method was therefore
superseded by an incremental method of demagrletiziﬁg NRM and imposing partial TRMs:
‘(pTRMs) at increasiné temperatures (Thellier and Thellier, 1959). This allowed» the
determination of palaeointensity from low temperatﬁre measurements before the onset of
alteration. The ratio of NRM lost to pTRM gained is then the estimated relative strength
of the ancient and laboratory fields. Once magnetic alteration began, the experimeﬁt was
abandoned. Thellier and Thellier (1959) apd subsequently, others (Briden, 1966; Coe,
1967) developed repeat measurements at lower temperatures (pPTRM checks) to identify

the onset of alteration. These further developments of Thellier and Thellier (1959)
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method are commonly referred in the Iiteraturé as the modified Thellier- Thellier methods
(MTT).

Limitations imposed by multidomain grains

An important aspect to consider for paleointensity studies is linked to tﬁe behaviour of
multidoméin grains. These are very common in most lavas and may have important
consequences. Multiciomain grams do not necessarily obey the experimental law of
additivity of partial TRMSs such as acquired in non-overlapping temperature intervals by
SD grains. A direct consequence is the common existence of ;cwo-diﬁ'ermt slopes (or a
concave shape) in the NRM-TRM plots between low and high temperatures. Such
behaviour is cdmmonly ascribed to the diﬁ‘erénce between the blocking (Tb) and the
unbloclcing (Tub) temperatures of MD grains.

In theory the presence of multidomain grains should be detected by examining the
rthefmal demagnetisation of the NRM. If a TRM is given first by heating to temperature,
Ti, the magnetization will not be removed completely by subsequent re-heating at the
same temperature if it is carried by MD grains. A direct consequence is that the NRM
derived from these two successive heatings will be affected and biased towards the
direction of the applied field.

a - The Modified Thellier & Thellier (MTT)

Taking in account the limitations discussed above, the follow éxpeﬁmental procedure
“has been applied:

1. Thermal demagngtisation to temperature Tj (DEMAG 1).

2. Re-magnetisation from Tj to room temperature in a 50 uT field to add a pTRM

(pTRM).
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3. A second thermal de-magnetisation again at Tj, to check for MD remanence or
CRM remanence growth, comparing the NRM intensity and direction with those obtained |
after DEMAGI1 (DEMAG 2). |

4. PTRM check by repetition of operation (2) at the -previ_ous temperature step Tj-1 to
check for alteration with blocking temperature (Tb) below Tj-1. (pTRMck).

To allow a ﬁxrther check on the NRM behaviour, the temperature steps used were the
same as in PTD with the only difference that DEMAG?Z and pTRMck started at 150°C
instead of 100°C.

b- Tbe Microwave method o

Using microwaves instead of the conventional thermal demagnetisation, the first steps 4
of heating are bypassei Magnons,' which are spin waves created i)y the exchange of
energy between phpnons (lattice vibrations) and the surrounding system (Walt(;n et al.
1992, 1993) are directly excited with the use of high-frequency microwaves. This should, .
in theory, eliminate the need to heat the bulk sample. Howevér, some heating does occur
due to the generation of phonons. Since the alteration is both time and temperature
dependent (Tanguy 1975, Walton 1988), the alteration obtained during the microwave
application can be considered negligible, taking in to account vthz-lt eachr microw;we
application is only for 10 sec. |

An automated 8.2 GHz frequency microwave source and SQUID magnetometer
system (Fig. 3.4) has been developed at the Geomagnetism Labofafor’y _of Liverpool
University. Thls microwave system can be used to carry out a Thellier type experiment,
although the physical processes involved ére very different. The microwave_power is
applied in incremental steps (up to a maximum of around 200 W) for no more then 10 sec

on samples sized Smm by 3 mm. A forward power meter controls the amount of power
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to be used. It is also necessary to measure and minimise the amount of power reflected
back. The power is inpﬁtted using an increasing percentage of the maximum power
availablé within the selected range. It is important to underline that there is no set power
range to be used. Each sample is different and the effectivity of the method also strongly
depends on its size and position of the sample within the microwave cavity. In general it
is best to start with low powers and to pei'fonn some very small demagnetizing steps to
get a stable NRM. Once this state has been established, microwaves can then be applied
perpendicular (in the xy plane)to the stable NRM direcﬁoﬁ. The resulting vector intensity
should not change' drastically while the directions should show a gradually change. In
particular the declination should change to 90° greater than its original value while the
inclination should feduc_:e to zero. Monitoring the evolution of the declination is therefore
required to establish th§1t equal demagnetisation steps had been applied throughout the

experiment.

3.5 Magneto-mineralogical investigations

Magnetic mineralogy was investigated both observing the behaviour of specimens
during demagnetization, which also involved monitoring of the bulk susceptibility, and By
conducting rock magnetic experiments, in particular IRM:s.

a - Bulk Susceptibility (K)

Low field susceptibility is a measure of how easy a material can be magnetised. Any
change in ﬂisceptibility implies a change in magnetic properties. On this basis
measurement of K during experiments were regularly carried out as a first order monitor |
of | changes in mineralogy and to check the bégix_ming of alterations in the magnetic
mineralogy. For the present work, K was measured ét the end of each step of the PTD
and MTT experiments, and also during all the experiments to examine magneto-
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mineralogical aﬁd grain-size information. The equipment used was the Agico
Kappabridge KLY3. |

b - 3 axes IRM (Lowrie experiment)

The analysis of the acquisition of isothermal remanent magnetisaﬁon (IRM) is a useful
but .ambiguous diagnostic technique when usedv on its own. For more conclusive
interpretations, IRM acquisition can be combinedA with - subsequent thermal
demagnetisation of the IRM (Lowrié, 1990). In this method, different coercivity fractions
of IRM were re-magnetizéd in successively smaller fields along three orthogonal
directions. In thése studies, 800mT was applied along the x-axis, referred to as "hard",
300mT along y-axis, "medium" and 56mT along z-axis, "soft". A larger field is desirable
for this technique (ideally >2 T), but 800 mT is the maximum field that can be applied in
the Plymouth laboratory and is considered adequate for samples in which haematite is not
a major component. The remaining intensities of each orthogonal component, after-
successive thermal demagnetizations, were then plotted separately. | Low-field
susceptibility was also measure for every step of temperature. |

' The aim of a three-component IRM is to determine the dominant coercivity fraction by -
comparing the hard, medlum and soft, and also assess what is the predominant magnetic
carrier. For example, an intermediate value of 300 mT can be-uséd to discriminate
between magnetite and pyrrﬁotite; pyrrhotite has a maximum coercivity of 500-1000 mT,
and is therefore less liicely to saturate in a 300 mT field. The 50 mT field was the last
applied and can be used to identify, for example, low coercivity multi-domain magnetite.

3.6 Grain size investigations

a - Coercivity of remanence (Hcr)

In this experiment, an unmagnetized specimen was firstly subjected to a stepwise IRM

along its z-axes, which magnetized it in progressive fields up to 800 mT. On removal of
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the specimen from each applied field, its remaining remanence was measured. Then the
specimen was placed in reversed fields. (In practise, the IRM was applied along the
negaﬁve z-axes) Increasing field strengths were thén applied, with the new remanence
measured after each increment. The reverse field, Hcg, required to reduce the saturation
to zero remanence was found from inspection of the 'coercivity’ curve. This whole
process of assessing hysteresis properties through remanence measurements was
performed quite quickly as each magnétization step took only a fraction of a secoﬁd and
each remanence measurement occupies less than a minute.

b - Anhysteretic Susceptibility (K rp)versus bulk Suscepabdzty

The Karm /K ratio hasvbeen used as parameter to discﬁminate between SD, PSD and’
MD (King, et al,, 1982). The susceptibility was firstly measured, then the specimen was ﬂ
demagnetized up to 100 mT (in alternating field, AF) to remove any secondary
remanence. In order to apply an anhysteretic magnetization to the specimen, the AMU-1
Anhys'tereticv Magnetiser (which is an option to the LDA-3 AF Demagnetizer) was used.
This equipment produces a weak direct magnetic field (SOuT), which is superimposed on
a relatively strong alternating magnetic field (90mT). Both ﬁeids are coaxial and affect
the specimen simiﬂtanéously.

c- Anisdropy |

In some rocks, the direction of magnetization can &eviaie from that of the magnetizing
field. Such rocks are magnetically anisotropic, i.e. their magnetic properties vary with the
direction. There are two kinds of magnetic anisotropy:

1. anisotropy of magnetic susceptibility (AMS), in which susceptibility is a function of
direction of the applied field; and |

2, anisotropy of remanent magnetization, in Whi;:h acquired remanent magnetization
deviates from the direction of the magnetic field at the time of remanence acquisition.
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In the case of magnetite-bearing rocks, AMS seems to be dominated by multidomain
grains while single-domain and pseudo-single-domain grains are the main paleomagnetic
regorders. Hence AMS might not be closely related to anisotropy of remanent
magnetization (Stephenson et al., 1986).

As significant anisotropy of remanent magnetization in Vesuvian lavas flows specimens
has been considered negligible, no anisotropy experiments were carried out. However,

this seemed a very important point that will certainly need further investigations.

3.7 Data interpretation and statistics

a - Linear analyses and Fisher’s statistics

The palacomagnetic remanence directions v;l'ere analysed using the integrated software
packages of Randy Enkin. These packages allow visual présentation and Mﬁs 6f
results  as Zijderveld diagrams (Zijderveld, 1967), stereonets and intensity' plots.
Directions were selected by cdnsidering' all plots in field corrected co-ordinates. The
best-fit directions were calculated uéing principal component analysis (Kirschvink, 1980).
The accei)tance criteria for these éomponents are that they are defined by an absolute
mlmmum of three consecutive points. All the possible components for each sample were
reported and classified on the base of their Maximum Angular Deviation (MAD). In
particular, components that showed MAD less then 2 were referred to as well d'eﬁned,r
while components with values between 2 and 5 and greater than 5 were respectively
referred to as less and poorly defined. In order to deﬁne the site mean direction all the
~ components identified within each sample were considered only after their repeatability
" had been checked within the site. At least three. similar components were required.
Components were considered similar if their relative declination and inclination did not |

differ by more then 4/5°. To define the lava flow mean direction, the choice of the siie
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mean directions was based on their similarity (as for the site mean value) and/or better
statistical parameters. Two Fisherian statistical parameters were calculated for each mean -
direction. (Fisher, 1953). These were the estimate, k, of the true precision parameter, K.
This is a measure of the concentration of the individual data points around the mean
direction and is given by
k = (N-1)/(N-R)
~ where N is the number of individual unit vectors and R is the length of the resultant
vector. The vahie of k ranges from 0 where the points are distributed uniformly over the
sphere and approaches o as the directions concentrate to a point. The second- statistical
parameter is the confidence limit on the mean direction. This is the semi-angle of the
cone of confidence surroﬁnding the calculated mean direction. This confidence limit is
conventionally for a probability level of 95% (P = 0.95) and is referred to as oes. This is
given by |
cos" P = N-R/R{(1/P)"™'-1}
where N is the number of individual unit vectors and R is the length of the resultant -
vector. This statistical parameter suggests that there is a 95% probability (20:1) that ihe
true mean direction will lie within the coné of confidence calculated around the calculated
mean direction. The aws value, on equal anglé stereographic projection, is represented by
the radius of a circle of confidence. On plate carrée graphé (declination, inclination) the

error in declination and inclination (6Dec, 8Inc) can be calculated by:

a.
dDec = —2=
cosInc
dlnc = s

b - Palaeointensity analyses .
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A TRM formed by mbﬁng in the geomagnetic field (TRMjuies) theoretically depends
linearly on the strength (Fpateo) Of the magnetic field through a proportionally constant (A),
which includes grain-size and shape distribution, blocking temperature and ferromagnetic
properties of the material. This constant, A, should be determined by giving to the same
specimen a new TRM (TRM.) in a known field, Fip. If the TRMpaico is an uncomplicated,

single-component TRM, the palaeointensity can be obtained by
IRMpaleo)F
Fpalaeo =| ————— |Flab
? ( TRMiab

or more simply
Fraeeo = (B) Frap

where (b) is the slope obtained by the common NRM-TRM plot.

As the number of samples measured fér each site was small (1 for MTT experiment
ahd 2 for microwaves), mean values were only determined at lava flow level. In order to
deﬁneAthe lava flow mean intensity, the choice of the best representative value for a site -
was based on the consistency of sample values, at least three similar per site, and on
improved statistical parameters. In general the parameter q (see next section) waé used
as a first order discriminator of the quality of the palaeointensity deteﬂninaﬁons, Whiie g
and ob were used as second order discriminators..

Coe Statistics

What follows is a brief description of Coe’s parameters (Coe, 1_978) and their means.

The standard error of the slope is calculated bf. |

- 22,:()’: -?)’ -2b§(xi - f)()’, - %) V2,
O, = (N—Z)?(x' _f)z

where N is the number of points being used (at least 4). This standard error, divided

by the slope, is a useful measure of uncertainty and 1s often quoted with results.
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The f (fraction) value is simply the fraction of total NRM used in calculating the

palaeointensity. It is calculated using the equation below:
f=Ayr/ NRMm '
§vhere1
Ayt = NRMuax - NRMain

To look at a decent amount of total NRM, for this study f will be considered
acceptable when greater than 0.15 |

The g (gap) value is a xheasure of the uniformity, along the NRM axis, of the Vsp‘acing
(Ay) between each point perpendicular projection onto the best fit straight line. This is
calculated using the following equation.

| g=1-A/ Ay,
where:
By =/ Ay )l Ay

The value of g iﬁcreases §vith uniformi;cy of spacing; it is 1 for perfectly e;(en spacing of
points albng the NRM axis. |

The q value is the index of quality of a palaeointensity determination. It is calculated
using the equation:

q=|bjfg/ow

It is usually a matter of course for q values to be quoted alongside any palaeointensity.
determination. The reciprocal of q is a measure of the relative uncertainty of a
palaeointensity measurement. Multiplying this by Hp is it possible to determine an
absolute uncertainty, but assuming that no other remanence or magnetic alterations have

parameters that are linear functions of temperature.

36



Chapter IV
Geological Background

4.1 - General Introduction

During the Quaternary central and southern Italy were characterized by the strong
development of the potash-rich volcanoes that form the so-called Roiﬁan Comé.gmatic Province .
(Washington, 1906). This volcanic activity started about 2.0 Ma ago and has lasted until tﬁe
present day with the historical eruptions of Vesuvius, Phlegrean Fields and Ischia. The
volcanism extends for mbré than 350 km along the Tyrrhenian coast from northern Latium (the
Vulsini area) to Vesuvius; only one isolated alkalic Quaternary volcano (Vulture) is located on
the Adriatic side of the Italian peninsula, east of the Apennine main axls (Fig. 4.1).

The Roman Province includes several eruptive centres, which generally present complex
evolutionary histories. Large central volcanoes, mostly with summit calderas, occur as well as
monogenic vents and regional calderas. The great variety of apparata reflects the nature of the
producis, ranging from extremely viscous lava 'domeé to flood basalts and from ignimbrites to
phreatic breccias. |

The tectonic signiﬂcénce of this volcanism has been alternately interpreted in terms of either a
shoshonitic member of an orogenic association related to converging plates (Ninkovich et al,
1972;ADi Girolamo, 1978) or as the alkaline products of thé initial staggs of continental rifting
(Cundar, 1979: Cundari et al, 1970). In practice the Quaternary potassic volcanoeé of central
and southern Italy aré related to extensive vertical faulting displaying two main trends,
respectively parallel (NW-SE) and perpendicular (NE-SW) to the main axis of the Apennines.
Such a tectonic arrangement seems to be connected with the opening, since Miocene times, of

the Tyrrhenian Sea abyssal plain, following the anticlockwise rotation of the Italian peninsula
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(Scandone, 1‘978). \thhip such a picture the Quaternary volcanoes are located over a
variably thinned continental crust at the intersection of NW-SE perpendicular faults (responsible
for the thinning) and NE-SW transverse related to the torsion of the Apennine range during the

rotation.

4.2 - Geological setting of the Campanian Volcanic Area.

A schematic representation of the main stratigfaphic and structural units of the Campanian
region (Fig. 4.2) shows that the Campailiat_l Apehnine_s consist of a pile of nappes emplaced
during the Miocene, with the more external ones overthrust towards the east (D'Argenio et al,
1973; Pescatore et al, 1973). The region is affected by intensive verttcal tectonics of Plio-
Quaternary age related to conjugate, respectively Apenninic and anti-Abénninic fracture systems
whi;:h generally oblitérate the older (Miocene) tectonic lineaments. Recent tectonics are related
tobthe general uplift of the central.part of the Apennine raﬁgé_and to the smkmg of its western
side. The Quaternary potassic volcanism of Campania occurred on a plain ~c§rresponding
structurally to a basin, bordered on the NE by NW-SE Apenninic faults, on the sdﬁth and on the
north by horsts limited by NE-SW anti-Apenninic faults (Monti Lattari, Capri island anci Monte
Massico). |

Some important faults revealed by seismic surveys (Finetti et al, 1974) in the Gulf of Naples
extend ub to_ the mainland (Fig. 4.2). The faults crossing Vesuvius are probably located at the
intersection of conjugate NW-SE and NE-SW faults. Other important tectonic lines cut the

western and the northern side of the Gulf of Pozzuoli.
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Fig. 4.2 Geological sketch map of the Campanian volcanic area,

PLIO-PLEISTOCENE STRUCTURES: A= normai faults; B= reverse faults; C= axes of synclines; D= axes of
anticlines; E= subsurface boundary of nappes within the Bradanic fore deep.

MIOCENE STRUCTURES: A= normal faults; B= reverse faults; C= Tortonian overthrusts; D= Langhian
overthrusts. Units: 1=Silentina and Frido; 2=Sicilide; 3= Monte Foraporta, Monte della Maddalena, Alburno-
Cervati and Monte Bulgheria-Verbicaro; 4a Upper Lagonegro; 4b Lower Lagonegro; 5= Irpinia; 60 Frosolone,
Matese, Monte Maggiore and Monte Croce; 7= Altavilla; Apulo-Gargano; 9= Quaternary sediments; 10=
serpentine, gabbro and diabase; 11= granitic gneiss. After Ippolito et al., (1973)
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4.3 - Stratigraphic outline of the potassic Quaternary volcanism of Campania.

Five volcanic complexes erupted potassic products. during the Quaterﬁary in the Campanian
area: .Ventotene-S. Stefano (Ponﬁne islands), Roccamonﬁga, tﬁe Ischia and Procida islands, the
. Phlegrean Fields and Somma-Vesuvius. According to the available radiometl;ic ages, the activity
started between 1.5 and 1.0 Ma ago at Roccamonfina (Giannetti et al, 1979) and the Pontine
islands (Barberl et al, 1967, Capaldi et al, 1985). However,. no radiometric data are available on |
the beginning of volcaﬁic activity in the Phlegrean Fields, where undatable pyroclastics covered
by other volcanic products dated back to about 50,000 y.B.P.» v§ere intersected by deep
geothermal wells. The date of the beginning of activity is also uncertain at Vesuvius and Ischia. For
Vesuvius, in fact, K-Ar ages of about 0.3 Ma,-obtailied from a core near the bottom of the volcanic
sequence encountered by the deep well Trecase 1 correlate badly with nanno-plankton ages
(0.5-1.0 Ma) from silty interbeds @Wm et al, 1981). Controvérs'y also exists in Ischia
where. the bldest volcanic products were first dated back to about 700,000 y.B.P. (Capaldi et al,
1976) but ages no greater than 130,000 y.B.P were provided by Gillot et al (1982). In spite of the
complexity of the geochronological framework, a period of contemporaneous activity of all five
complexes possibiy occurred within a time intenél between 200,000 and 100,000 years ago.

~ Eruptions are recorded historically for three volcanoeé: Ischia in '1301 (Arso lava ﬂow), the
Phlegrean Fields in 1538 (Monte Nuovo explosive empﬁon) and, possibly, in 119$ (Solfatara

phreatic explosion), and Vesuvius from A.D.79 to 1944.

4.4 - The Somma-Vesuvius volcanic complex.
As is well known, Somma-Vesuvius is a composite central volcano consisting of an older strato-

volcano, Monte Somma, whose activity ended with a summit caldera collapse, and of a more recent
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cone, Vesuvius, built inside the ca_ldefa. The main feature of the complex is represented by the
sharp morphological contrast between the deeply eroded arched rampart of Monte Somma and
the regular Vesuvius cone. The two structures join along the Valle del Gigante, a narrow semicircle |
whose floor is formed by the lava flows of several eruptions. The presence of a secondary high -
(roughly corresponding to Colle Margherita, formed during the 1891-1894 eruption) permits the
distinction of the Atrio del Cavallo, dipping | gently westwards, and, to the east, the Valle |
dell'Inferno, draining southwards. Somma Vesuvius is certamly one of the most famous
volcanoes in the wbrld. Hundreds of papers have been written about its eruptive history and its
products, although geo-volcgnological mapping is surprisingly scarce. The only complete
document of this type is the excellent 1/10,000 map published in 1891 by Johnston-Lavis. After this
date the Ufficio Geologico dltalia, in 1910, and the Servizio Geologico d'talia, in 1971,
produced two editions of the 1/100,000 sheets of the Geologicé.l Map of Italy (sﬁeets 184_
Napoli and 185 Salerno), consisting substantially of a reduction and simplification of the Johnston-
Lavis map Major revisions were introduced by Rittmann in the Napoli-Ischia sheet of 1971, but
these mainly related to the chrondlogy of Somma-Vesuvius activity rather than to the mapping
itself.

The newest 1:25,000 Geological Map of Somma-Vesuvius Complex introduced many significant
modifications with respect to thé previous documents. This work was executed in 1987 in the -
- context of the basic research for the volcanic hazard zoning of the Vesuvius area (Operative Unitv.
3.3.1 of the Italian Geodynamic Project, under Roberto Santacroce). The significant modifications
mainly consisted of a new general stratigraphy that is better defined, from a chronological
viewpoint, and of a revision of historical sources for the definition of the recent (AD.- 1631-1944)

period. This map (Fig. 4.3) has been used as a guide for the present work. The mapped area lies
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within sheets 184 II NE ("Vesuvio"), 184 I SE ("Pomigliano d'Arco"), 185 IV SW ("S. Giuseppe
Vesuviano") and 185 I NW ("Boscoreale") ofﬂle Topographic Map of Italy at 1:25,000 scale. It
extends over #bout 165 km’ between 40°45'00" and 40°53'30" North and 14°19'38" and 14°3338"
East. Most of the area is covered by the relief of the Somma-Vesuvius volcanic complei that
gently reaches down to the plain m a nearly complete ring surroundiﬁg the central veﬁt. Only

the south-southwestern sector slopes more steeply down to the sea.

4.5 - Eruptive history from 79 AD to 1944 AD

The recorded history of the volcano, handed down through oral traditions aﬁd the writings of
historians and chroniclers, covers only a short fraction of its to@ life. Consequently the
reconstruction of the eruptive history of Somma Vesuvius requires different approaches
‘according to the presetice (of absence) of direct documentation and also to its reliability. In
spite of this, three "historic" periods can be distinguished.

e  The oldest (and longest) period, which precedes the famous A D. '}9 "Pompei” plinian
a'uption,Alac.:ks any direct historic data. The reconstruction of activity can only be based on
geological data.

e The middle period, covering the AD. 79-1631 time-span, has 1a£ge1y incomplete,
intermittent histérical documentation.

e  The youngest peﬁod (1631-1944) is, on thé whole, well-documented. Recoﬁstruction
of the eruptive history of the volcano during this time span is mainly based on the collection,
interpretation, and synthési§ of historical data. |

a - The A.D. 79 - 1631 period of activity.

The written history of volcanology began with the description by the Younger Pliny of the A D.
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79 event, which is the first well-documented eruption. Unfortunately the data available on Vesuvius
before the XVIIth century are scarce, scattered and incomplete, with géps in the documentation
for long periods (Alfano,1924, 1929). From what little informatiqn is available, tliough, it seems
that the patterns of eruptive activity differed considefably from those of the most recent active
cycle, 1631 - 1944; |

1) - eruptions occurred at longer intervals;

2) - the eruptions were more explosive;

3) - fairly large eruptiqns occurred during the cycle (in particular, that of A.D. 472);

4) - if the entire interval between A.D. 79 Aand 1139 (the date of the last certain eruption
before 1631) is taken as one eruptive cycle, then it would be more than three times longer than
the following one.

The following eruptions (Tab. 4.1) are historically recorded before AD. 1631, together with

occasional indications of minor activity at the summit crater (main events are in bold character).

Timing Description of the event
5-6 November 472 Subplinian- Flows and lahars
' products. -
8 July 512 Subplinian(?)
February(?)-March(?) 685 | Major eruption with big lava
| flows
787 Big eruption, mainly explosive —
probably some lava flows

November or December 968 | Big eruption with lava flows
: toward the sea

1007 Big eruption. Lava flows
27 January 1037 Large lava flows toward the sea
1-9 June 1139 Major explosive activity which

obscured the sky for several days

Tab. 4.1 Historical record of Vesuvian eruptions before A.D.
1631. From Nazzaro, 1997.
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Questionable eruptions are further listed for 172, 203, 222 until 235, 379 buntil 395, 505, 536,
991, 999, 1049, 1073+5, 1150, 1270 and 1347. An eruption in 1500, is believed by many
authors to have been a very minor event. A lava flow has been described by Daniele Barbaro (a
philosopher, Vitruvio's student) in 1568, but this eruption was later cpnsidered not to exist by
other authors (Palmieri, 1880).

Of these eruptions, only seven had unequivocally erupted lava; the first occurring in 968. At
least two eruptions produced pyroclastic flows and surges. The average répose periods seem to
be considerably longer than during the 1631-1944 cycle, but this may be an enhanced effect of
poor reporting in that period. Possible smaller-scale, persistent Strombolian activity from the
summit crater (that may have been lying somewhat hidden in the major caldera depression left by
the A.D. 79 eruption) may have escaped recording because it did not significantly affect life
around the volcano. Two longer eruptive periods, remixﬁsbem of 1631-1944 eruptive sub-
cycles, are reported for 222-235 and 379-395, but details are lacking about the sequence of
events during those periods. There is also a notable mcrease in eruption frequency beginning in
1007, but this coincided with better reporting on eruptions in contemporaneous sources andvmzvly
therefore be more apparent than real. |
| The imprecise time scale used in thé'description and notation of eruptions during this period
generally prevents reliable field correlations. The sCarcity of Apa]eosoils, which mark significant
pauses in the activity, make it very difﬁcult to separate single eruptive events which are
frequently charécteﬁzed by similar kinds of products. Radiocarbon dating permitted the sure
identification of two eruptions: 472 and 1631; the chronological position of the other deposits of
this period is uncertain. |

The severe A.D. 472 eruption, also called the "Pollena" erupfiorg ravaged the Vesuvian area.



In a quarry near the village of Ottaviano, the A.D. 472 products are covered by a 20 cm thick
air-fallv breccia (mainly lava clasts), possibly indicating a phreatic event. It grades upward into a
thin humified level with a radio-carbon age of 1,550 + 50 B.P. years probably correlating with
the pause preceeding the A.D. 512 eruption. The descriptions of this event strongly suggest the
presence of fragmental flows (ash streams rushing down the mountainside) and indicated its
strongly explosive character (ash fall reported in Costantinople, as occurring in A D. 472). At
the Terzigno quarry a deposit some 20 cm thick, made up of white to greeniéh pumice set in a
sandy matrix, could represent the A.D. 512 event; air fall deposits of dark sand and lapilli cover the
thin humified level overlying the 512 deposit. This type of deposit frequently crops out in the
north eastern sector of the volcano, interlayered between the practically ubiquitous and clearly
recognisable 472 and 1631 sequences. Generally they are covered - with a paleosoil in between
- by another fall bed characterized by the ochre color of the altered pumice. Nd radiocarbon date is
available for the paleosoils beneath these two deposits. In the séuthern sector of the volcano at
least three leucitic lava flows underlie the younger of these two eruptions after 472 AD..

b - The A.D. 1631 eruption; an entirely aqalosi’ve event?

Compared with the AD 79 eruption, the event of 1631 was of minor proportions regarding
eruptive magnitude and erupted volumes, but, not in terms of destruction and faté.lities._
Beginning on 16 December 1631 and culminating the day after, it destroyed all towns and
viﬂages around the volcano and kiﬂed at least 3000 and maybe up to 6000 persons. It was thus
the worst volcanic disaster in the Mediterranean during the past 1800 years. The eruption
occurred after a repose period lasting at least 130 and probably almost 500 years. Very detatled,
but in part confusing or even misleading information is available about the 1631 eruption from

contemporaneous or near-contemporaneous sources. Only very recently (starting in the late
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1980's) has there been modern volcanological and palacomagnetic research on this important
event that has significant implications for volcanic hazard assessments of the fegion. In fact,
many (more or less) modern sources dealing with the 1631 empﬁon (starting with Le Hon 1865,
1866) state that one of the most destructive and lethal agents was unusually fluid lava. Principe
et al., in Santacroce (1987), however, were among tﬁe first to exclude the occurrence of lava
flows in 1631. In contrast, Rolandi et al. (1993a) and Gialanella et al. (1993) again attribute
several lava flows to tﬁe eruption, while Rosi et al. (1984) and Carracedo et al. (1993) refute
this view. Both parties rely on magnetic evidence but Rosi et al. further mention that
contempéraneous descriptions. of the 1631 flow phenomena differ considerably from those of
lava flows in historical documents of the 1139 eruption. Rosi and Santacroce (1984) made a
| detailed reconstruction of the 1631 event based on historical (Braccini, 1632; Danza, 1632; Falcone,
1632; Giuliani, 1632; Masculi, 1633; Mormile, 1635, Recupito, 1632) and stratigraphic data. The
first important point they underlined was the -explosive character of the eruption. In fact they
affirmed that no lavas connected with this event were recognized: all iava flows assigned to
11631 are older, hz;ving probably been erupted during the period'968-103 7.

Air fall deposits (light greenish to dark grey pumice) belong to the first eruptive phase: they
outcrop in thg northeastern sector of the volcano, reaching a max1mum observed thickness of 60
cm. Lithics are abundant and increase upwards in the deposit; they inchude lavas, skam rocks, and
cumulates. The collapse of the erqptive column and the subsequent formation of pyroclastic flows
are revealed by the presence of unwelded ash-tuff deposits containing abundant lithic clasts aﬁd |
dark grey pumice. The ash flow deposits are mainly concentrated in the southern sector of the
volcano, where they rarely cover the fall deposits. A pmk ash horizon cofﬁmonly occurs at the

top of both flow and fall deposits. In distal outcrops this bed shows a lateral transition to
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vesiculated tuff. The 1631 sequence generally ends with lahar deposits.

c - The recent activity: 1631-1 9?4.

The most recent perioci of the volcano's' history (Alfano, 1929; Imbo', 1949,84) is
characterized by semi-persistent, relatively mild a;:tivity (lava fountains, gases and vapour
emission from the érater) ﬁequently-intermpted by short quiet periods that never exceeded seven
years. Rare minor eruptions that occurred during the genﬁ-persistent, strombolian-like activity
of the volcano mainly consisted of small lava flows emitted from the summit crater
("intermediate eruptions"). More impoftant eruptions closed each of the short cycles interpbsed )
between quiescent periods ("final eruptions"). Pasty fluid blebs, spherical bombs and ash were
violently ejected from the summit crater accompanying the effusion bf .moderately fluid lavas.
Lavas were sometimes produced by lateral cinder cones on the flanks of the volcano. The
emplacement of relatively small mudﬂows along stream valleys cutting the Monte Somma slopes
was usual during these eruptions. This was especially true if the water gaihed access to the venf
during a lateral eruption so that a large qqantity of ash was produced. L1kew1$e, hot pyroclastics
sometimes slumped from the oversteepened cone to form the so-calléd "hét—ayalanches" (Ferret,
1924) and/or landslides of hot scoria.

As a whole the 1631-1944 period reflects open chimney cohditioﬁs within a periodically
refilled eruptive system. Under these conditions the Mggéﬁng of intermediate eruptions could
be ascribed to pulses of deep basic magma, while the final eruptions have been interpreted
(Barberi et al, 1967, Santacroce, 1983) as episodic events, probably resulting from external
causes (e.g. earthquakes), provoked by moderate, discontinuous magma-groundwater
interactions. The 1906 eruption can be taken as a type-example of this activity (Matteucci et al,

1906;, Johnston Lavis, 1909; Lacroix, 1906, Ferret, 1924; Sabatini, 1906).
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The eruption started on April 4th after a 36 year-long cycle of persistent activity interrupted by
long quiet effusions (1881-85, 1885-86, 1891-94, 1895-99, 1903-04) resulting in the formation of
the Colle Margherita and Colle Umberto lava-hills (Imbo', 1984, Matteuccx, 1886, 94, 99, 1904,
Palmieri, 1896). The 1906 paroxysmal event lasted 20 days being preceded by strong
earthquakes and noticeable uplift. Lava-flows were emitted from a sub-summit NNW-SSE trending
fissure, while the summit crater explosively erupted larée amounts of ash, lapilli, scoria, blocks |
and bombs, mainly on April 8th and 9th. Abundant rainfall ac;companied the whole eruption,
provoking the flow of mud streams along the valleys cutting the northern and north-eéstem Mt.
Somma slopes. |

These final eruptions resulted in the emptying of the eruptive system: the following short
pauses (1-7 years) reflect the re-establishment of a near-surface lava column within the chimney
and preceded the resumption of the strombolian-type activity, opening a new short cycle.

Critically since December 1944 Vesuvius has remained dormant. This long quiescent period
departs from the 1631-1944 pattern of activity. The mode of the future renewal of activity cannot,

therefore, be predicted.

»4.6 - Lava flows samples; sites map.
A highly density of people surround the Somma-Vesuvius volcanic complex and the
population has recently been climbing higher and higher. Aknost half a million people live in a
near-continuous belt of towns and villages built actually on lava flows of any age. While this
increased the hazard, it also restricted the sampling strategy. Most of the time was spent
"hunting" the lavas between buildings, vineyards and old quarries, following their identification

on the volcanological map. Fortunately, after a long bureaucratic process a special permit was
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obtained for sampling along the A3 Napoli-Salerno motorway. It passes through the SW
Vesuvius slope, between the cities of Naples and Pompei, and exposes numerous lava flows
(Fig. 4.4). Because of the high danger of sémpling (there is always intense traffic on the A3
motorway), a special and constant support unit was needed. Specimens were directly cored in
the field, using a portable electric drill, and oriented with a solar compass ptjor to removal. At
each sampling site, about 15 cores were collected. The ‘cores wére later sliced into standard
specirﬁens (2,5 cm diameter and 2,2 cm high) at the Laboratorio di Paleomagnetismo of the
Dipartimento di Scienze della Terra, Universita' degli Studi di Napoli "Federico II" and into
special-sized specimens (Smm diameter x3mm high)' at the Geomagnetism Laboratory,

Department of Earth Sciences, University of Liverpool.

51



s ol ‘l! e
e AR ELL RS
¢ é;,«a};;g

o AT TSR A S W
g Ra v

fef
ARG A0 i
'ﬂ -'("‘q £ ._/7(
i$ig% i FR—~7 LY

AL "\‘&‘f\
‘m‘v‘ﬁ

Fig. 4.4 Topograohic map of Somma-Vesuvius and location of sites investigated
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Chapter V -

DIRECTIONAL PROPERTIES

5.1 - Introduction

In this chapter all the resﬁlts obtained from the PTD experiment (section 3.3a) will be
analysed and described using Zijderveld diagrams and Intensity plots.

Intensity - A complgte description of its general behaviour throughout thg experiments
will be given together with the mxtxal and final NRM values. Anomalies and significant Ty
will also be pointed out.

Directions - Both vertical and horizontal components will be peculiarly analysed in order
to identify the best-defined component. However, at this stage all the possible results will be
reported in tables with their relative temperature ranges and MAD' following the criteria

described in section 3.7. All break points and anomalies will be also outlined.

5.2-AD 79 - AD 1631

5.2.1 - Site V30

a- Inten.?iiy Behaviour

Thesé 6 samples had initial NRMs between 2570 and 4380 mA/m (Figs. 5.1, 5.25 -and, by
620°-630°C, had been demagnetized almost completely. Most samples showed a smooth
decrease in intensity, terminating with a small tail at 6§0°C, although sample P06 had a final
steep decay, with no tail, and some 7% of the original remanence still remained. In all
samples, the initial decrease of intensity was smooth, with no indiﬁation of a low blockiﬁg
temperature component. At higher temperatures, there were very minor irregularities in the
rate of decrease around 330°-360°C and 480°-500°C in 5 of the samples. Sample 03

showed a distinct inflection at about 330°C, followed by a decrease to 50% at 460°C,
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indicating significant unblocking at this temperature. The intensity then dropped only slightly
before recommencing a smooth fall to 292 mA/m (9%) at 630°C. In the other samples, the
minor irregularities could be attributed to experimental error, but as they occur at slightly
different temperatures in different samples, it is considered that thesé, though small, are likely
to be real and may be related to mineralogical effects.

b — Directional Behaviour

The vectors for each sample comprised up to three apparently different components (Figs.
5.1, 52). These were separated by small irregularities, usually 1 or 2 successive
measurements that simultaneously affected both the horizontal and vertical components. In
all samples, the highest temperature component was the most well defined aﬁd the lowest’
temperature component, where present, was the least well defined (Tab. 5.1). For example,
03 showed components between 330° and 420°C, 480° and 565°C, and 580° and 630°C.
However, when the irregular components were excluded then, for all samples, a single, very
well defined vector was revealed, ﬁsually between 250-350° to 630°C. (This vector was
slightly more precisely defined when the vector -was anchored to the oﬁgin.) The
irregulaﬁtiés observed m éch sample vector coincided with -the‘changes in curvature of

intensity during demagnetisation (Section 5.2.1a).

5.2.2 - Site V36

a) - Intensity Behaviour

All 11 samples showed very similar Behaviou“r (Figs. 5.3, 5.4, 5.5, 5.6). Thé initial NRM
was about 6000 mA/m and, by 620°C, was almost completely demagnetized (< 2%). All
curves showéd an accelerating decrease in intensity with increasing tetﬁperature terminating
with a small tail at 620°C. An anomalous inflection occurred at about 550°C for samples 03

and 05, indicating an unblocking temperature.
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AD 79-1631 site V30
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Fig. 5.1 - Site V30: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V30
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Fig. 5.2 - Site V30: Zijderveld diagrams and Intensity plots.
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AD 79 - 1631 site V30

Sample03 Sample 11
Steps Dec |Inc |MAD|] |[Steps Dec |Inc |[MAD
"D" 330/420 125 623 |74 "D" 535/630 156 {660 |1.1
"D" 480/565 200 (704 }4.5 "0" 535/630 140 }66.5 |0.9
"D" 580/630  |18.7 |66.7 [1.1 "D" 460/630 (*) [133 [65.9 0.7
"D" 330/630 (*) {203 663 2.1 "O" 460/630 (*) |13.2 ]66.1 |0.6
"0" 330/630 (*) |20.7 [66.0 |1.1 (*) erasing steps 480,520°C @
(*) erasing steps 440,460°C (@

Sample 06 Samplel2
Steps ‘|Dec  {Inc |MAD Steps Dec |Inc |MAD
"D" 390/460 238 667 {30 | |'D"460/520 84 1607 |3.7
"D" 480/630 132 626 |1.9 "D" 520/620 158 (655 |10
"0" 480/630 13.7 1624 |09 "O" 520/620 139 649 0.9
"D" 390/630 (*) |15.5 (616 {1.8 "D" 390/620 (*) {145 |64.6 |1.0
"0" 390/630 (*) |14.7 |619 |1.0 "O" 390/620 (*) |14.1 |645 |0.7
(*) erasing step 460°C ® (*) erasing steps 460,500°C )

~ Sample 09 _ Samplel3

Steps Dec |Inc |MAD Steps Dec |Inc - |MAD
"D" 390/440 169 ]76.8 16.5 "D" 440/535 (*) |6.6 593 |18
"D" 440/480 74 593 |64 "D" 535/630 (*) |11.3 |624 |09
"D" 390/480 102 [674 |64 "O" 535/630 (*) (105 }62.2 ]0.6
"D" 500/550 29 65.1 {16 "D" 360/630 (**) |9.8 629 |0.7
D" 565/620 {119 665 |13 "O" 360/630 (**) {9.7 62.7 |05
"0" 565/620 106 [674 Jo7 (*) erasing step 480°C
"D" 480/620 (*) [10.6 |67.4 [0.7 (**) erasing steps 440,460,500°C (D
"O" 480/620 (*) |10.3 |67.5 0.5
(*) erasing steps 500,550°C ©)

Tab. 5.1 - Site V30: Directional results calculated using principal component
analysis (Kirschvink, 1980). :
"D" = floating point; "O" = anchored to the origin
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Some very minor irregularities occurred at the same steps of temperature in samples 01B,
03 & 05, which could be due to experimental error, although they occur in different samples
at the slightly different temperatures.

b) - Directional Behaviour

In all 11 samples a high temperature component (usually between 520 - 620°C) was well
defined. A medium temperature component, which was not always present, was less well
defined but still statistically acceptable. The visual analyses of all the components showed
sample 09 to have a very anomalous direction while all the remaining samples showed similar
directions. In more detail (Tabs. 5.2, 5.3), the high temperature components analyses
showed two possible groupings of declination values; an Easterly group (>20°E) and another
between 10-20°E, while thq inclination values were almost ideﬁtical. The medium
temperature component in samples 01B, 14, 17B and, although with a declination slightly

different, in 05 & 06 was very similar to the Easterly high temperature group.

5.2.3 - Site V37

a) - Intensity Behaviour

The 10 sa@ples had variable initial NRMs between 4250 and 8660 mA/m (Figs. 5.7, 5.8,
5.9, 5.10) and, by 620-630°C (in some samplésv595°C), had been demagneﬁzed almost |
completely. All the samples showed an accélerating decrease in intensity with increasing
temperature starting from 150-250°C and terminiting with a very anomalous tail. In fact,
only samples 7A and 14B showéd an ideal hypérbolic tail, while all the others showed a
distinct inflection at about 535°C, indicating significant unblocking at this temperature.

Some minor irregularities were considered to be reai as they occurred at different steps of
temperature (w:thm the range 420-520°C), although in some samples, (7B, 10B, 13B) the

intensity behaviour was unclear.
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b) — Directional Behaviour
All the samples showed a very well defined high temperature component between
520/550 and 595/635°C. The vertical vector, in all the spectra, showed a very linear trend for
all the samples, while the horizontal one always had a zigzag behaviour at low and medium
temperatures. |
The high temperature component analyses showed two possible groupings of declination
values; samples 06, 7A and 7B showed values around 0° while the others showed values

around 14° (Tabs. 5.4, 5.5). The inclination was almost the same for all samples.

5.2.4 - Site V27

Aa) - Intensity Behaviour

These 6 samples had an initial NRM around 4000 mA/m and, by 620-630°C, had been
completely demagnetized, generally with a final steep decay above 500°C (Figs. 5.11, 5.12).
Samples'03, 04 and 06 showed an almost linear decrease in inténsity with two clear breaks
(360°C and 440°C) in the rate of decrease. VSamples 07, 12, 13 had accelerating decreases in |
intensity with increasing temperature, although they showed minor deflections at the same
temperatures as the above mentioned breaks. Same deflections occurred both in 07 and 12 -
around 550-565°C indicating a significant unblocking.

b) — Directional Behaviour |

. For all these samples only a high temperature component was well defined. AThey showed

a very clear vertical cémponent, while‘the horizontal was very unclear until 500°C. The
analysis of the vectors showed similar directions for all the samples and with very low MAD

values (Tab. 5.6).
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AD 79-1631 site V36
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Fig. 5.3 - Site V36: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V36

=~
Sample 06
B UP
*o
Scale = 1000 mA/m
Fo
Sample 07
£ UR
*
Scale = 1000 mA/m
ro
Mmax = 5240 mA/m
Sample 08
£ OPp
*o
Scale = 1000 mA/m

Fig. 5.4 - Site V36: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V36
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Fig. 5.5 - Site V36: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V36
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Fig. 5.6 - Site V36: Zijderveld diagrams and Intensity plots.
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AD 79 - 1631 site V36

Sample 01B Sample 06
Steps A Dec |Inc |MAD Steps Dec jInc |MAD
"D" 460/550 241 636 [23(®) ] |'D" 525/580 313 624 |13
"D" 550/620 159 [64.7 |0.7 "D" 580/620 23.1 162.0 {09
1"0" 550/620 16.2 645 |0.5 "O" 580/620 24 62.3 0.7
"D" 420/620 . |19.0 645 |24 "D" 460/620 (*) [30.8 (624 |13
"O" 420/620 19.1 |645 |[1.5 "O" 460/620 (*) 304 |62.6 |1.0
(*) visible only on H component (@  (*) erasing steps 480° ' @
Sample 03 ‘ ' Sample 07
Steps ‘ Dec |Inc |MAD | |Steps Dec |Inc |MAD
"D" 520/620 23.5 1663 [0.7 ~|"D" 500/620 9.5 672 |1.0
"D" 520/620 23.5 66.3 |0.5 "0" 500/620 ~ [9.0 67.3 0.7
"D" 480/620 (*) {21.2 |649 |09 "D" 500/620 (*) |10 67.1 (0.5
"O" 480/620 (*) [21.5 [64.7 0.7 "O" 500/620 (*) {9.6 672 |04
(*) erasing step 520° () |"D" 460/620 (**) [10.1 ]67.1 ]0.9
"O" 460/620 (**) 9.5 67.2 0.6

. erasing steps (*) 535° and (**) 480° (o)

Sample 05 , Sample 08
Steps Dec |Inc |MAD Steps Dec |Inc |MAD
"D" 520/565 305 633 |09 | |"D" 520/565 273 1642 |05
"D" 580/620 25.1 63.1 |03 "D" 580/620 245 |58.7 |3.0
"O" 580/620 26.6 ]63.0 |0.9 "0" 580/620 25.1 {606 |2.1
"D" 440/565 (*) |31.8 [63.9 0.7 "D" 520/620 = |27.7 642 |0.7
"D" 440/620 (*) [31.5 [63.9 |0.6 "0" 520/620 27.6 |64 0.6
"O" 440/620 (*) |31.1 639 0.5 |"D" 520/620 (*) [27.6 (641 |0.4
(*) erasing step 480° © - |"O" 520/620 (*) {27.7 |64.0 (0.3
(*) erasing step 580° ®

Tab. 5.2 - Site V36: Directional results calculated using principal component
analysis (Kirschvink, 1980). '



AD 79 - 1631 site V36

Sample 09

. Samplel6 -
Steps Dec |{Inc MAD Steps ‘|Dec  |Inc MAD
"D" 330/440 747 1549 |64 I"D" 550/620 {15.1 {649 (1.2
"D" 460/535 73.2 1460 |3.0 "O" 550/620 |14.8 653 108
"D" 535/620 723 (448 |0.5 "D" 250/620 }16.6 [66.0 |12
"O" 535/620 724 1448 |04 "O" 250/620 }16.5 659 0.7
@ ' @
‘Sample 11 1 _ Sample 17B
Steps : Dec |Inc MAD Steps |Dec  |Inc MAD
"D" 595/620 (*) {27.8 |66.9 0.6 ° "D" 420/535 |24.5 1676 (3.9
"O" 595/620 (*) |27.5 [66.9 (0.4 "D" 535/620 |17.6 }66.0 |0.5
"D" 390/620 (*) |28.1 |67.4 |08 "O" 535/620 |17.8 |66.1 }0.4
"0" 390/620 (*) [28.1 [674 Jos | @ ‘
(*) erasing steps 460, 480° ) '
Sample 14
Steps Dec |Inc |MAD
D" 420/480 22.7 {63.7 |26
"D" 500/620. 150 [61.2 |1.0
170" 500/620 15.1 }60.9 {0.9
"D" 420/620 (*) |15.5. |61.1 |0.6
"Q" 420/620 (*) |15.5 |]60.9 |0.5
(*) erasing step 500° @

Tab. 5.3 - Site V36: Directional results calculated using principal component
analysis (Kirschvink, 1980).
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Fig. 5.7 - Site V37: Zijderveld diagrams and Intensity plots.

66

600



AD 79-1631 site V37
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Fig. 5.8 - Site V37: Zijderveld diagrams and Intensity plots.
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Fig. 5.9 - Site V37: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V37
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Fig. 5.10 - Site V37: Zijderveld diagrams and Intensity plots.
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AD 79 - 1631 site V37

Tab. 5.4 - Site V37: Directional results calculated using prmcxpal component
analysis (Kirschvink, 1980).
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Sample P01 Sample PO7A
Steps Dec |Inc MAD Steps Dec Inc MAD
1'D"420/595 [16.7 644 |13 "D"500/595  |357.6 |59.3 0.5
"0"420/595 [16.9 (642 0.6 "0"500/595 3575 {594 0.4
"D"550/595 |13.5 |[64.9 1.0 "D"550/595 357.7 ]60.5 1
"0"550/595 |159 |63.7 1.0 - 1"O"550/595 357.7 {59.7 0.6
@ ' d ' '
Sample P05 1 Sample PO7B
Steps Dec Inc MAD Steps Dec ™ |Inc MAD
1"D"520/595 |18.4 1669 |06 "D"480/550 3546 |59 0.9
"D"520/595 |18.5 ]66.5 ]0.5 - "D"565/635 3574 60.0 1.5
® 1"0"565/635 3578 (588 - |1.5
"D"480/635 (*) |353.1 |58.6 0.8
"0"480/635 (*) |353.3 |58.4 0.6
(*) erasing steps 525,565°C )
. Sample P06 Sample P10A
Steps Dec |Inc MAD {Steps Dec Inc MAD
"D"520/595 |1.5 61.9 |06 "D"535/635 11.9 59.7 -|2.0
"0"520/595 |1.6 61.8 |04 "0"535/635 - {114 604 1.6
© ~ "D"580/635 104 615 |08
"0"580/635 9.7 61.5 0.6
®




AD 79 - 1631 site V37

Sample P10B

Tab. 5.5 - Site V37: Directional results calculated using principal component

analysis (Kirschvink, 1980).

(*) erasing step 14(520)
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Sample P13
Steps Dec . |Inc MAD Steps Dec |Inc |MAD
"D"520/635 9.7 556 |1.2 "D"580/635 140 1655 109
"0"520/635 9.5 - |55.9 |1 "O"580/635 - |14.8 }65.5 [0.7
@ "D"535/635 (*) 114.7 656 [1.0
"0"535/635 (*) {14.7 656 0.7
(*) erasing step 565°C ©
Sample P11 A Sample P14
Steps Dec |Inc = |MAD 1Steps Dec |Inc MAD
. |I'D"535/610 [14.5 |62.5 1.5 = "D"550/610 122 636 |1.2
1r0"s35/610 [142 628 [0.7 "0"550/610 11.7 633 0.6
®) "D"480/610 (*) [11.0 |649 o4
"0"480/610 (*) [11.0 [64.5 0.4
@




AD 79-1631 site V27
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Fig. 5.11 - Site V27: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V27
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AD 79 - 1631 site V27

Sample P03 Sample P07 7
Steps Dec |Inc MAD Steps Dec Inc © |MAD
"D" 500/620 |13.0 {624 |1.8 1"D" 535/620 |8.8 61.0 1.3
"O" 500/620 {12.3 625 |11 "O" 535/620 |9.1 614 |08
@ ' @
. Sample P04 = == | Sample P12
Steps Dec |Inc MAD Steps Dec |Inc MAD
"D" 520/620 |9.1 633 |20 "D" 520/630 |11.1 62.9 20
"O" 520/620 [9.3 62.8 (1.1 "O" 520/630 |{10.0 63.5 14
® ‘ @©

Sample P06 1 . Sample P13
Steps Dec |Inc |MAD Steps - |Dec Inc MAD
D" 550/630 16.9 63.5 1.0 D" 550/620 |17.2 60.4 1.5
"Q" 550/630 {7.7 634 0.7 "O" 550/620 |16.7  |60.1 0.8
© ®

Tab. 5.6 - Site V27: Duecﬂonaltesuhscalculatedusmgpnnmpaloomponent

analysis (Kirschvink, 1980).
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5.2.5 - Site V33 |

Premise

All 6 samples showed very anomalous behaviour during measurement. As it was
observed that there was a little directional consistency, each measurement was repeated
several times. Va]ﬁes were rejected wheﬁ the measurement error was considered too high or
when they started to behave randomly. This process did 'allow identification bf some
directions that had a similar direction. However, no consistency could be found above 500°C
in most of the sarhples.

a) - Intensity Behaviour

Only sample 10 showed an unequivocal concave curve from 20 to 550°C, at which
| teinperature the initial NRM (4110 mA/m) was completely demagnetized. All the other
samples showed quite similar behaviour to each other and an initial NRM around 1800
mA/m (Fig. 5.13, .5.14). These showed a linear decrease, especially below 300°C, followed
by an ugcertain trend until the end, although a significant break point seemed to o@r
around 330-360°C in most samples. |

b) — Directional Behaviour

Both the horizontal and vertic\al components showed a zigzag behaviour dﬁring
demagnétization, especially at high \temperature (> 400°C). Although some steps needed to
 be erased because Qf their poor definition, all sampleé showed a unique direption with a still
acceptable value of MAD (< 5°). Sample 10 vectors had a curving trend. _Aﬁer detailed
visual analysis, the vectors, showed a direction very similar to the others samplés in the range

250-480°C (Tab. 5.7).
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Fig. 5.13 - Site V33: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V33
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AD 79 - 1631 site V33

Sample P01

3 Sample P05
Steps Dec |Inc MAD Steps Dec Inc MAD
"D" 20/420 |356.8 |53.6 {3.2 I'D"20/420 [3519 [49.0 28
@ @
Sample P02 Sample P10 ,
Steps Dec |Inc MAD Steps Dec Inc MAD
_§"D" 100/440 |348.5 |59.0 |2.6 "D" 250/480 |352:.0 |55.0 3.7
®) ’ erasing step 390°C ©
Sample P03 . Sample P13
Steps Dec Inc MAD Steps Dec  |{Inc MAD
"D" 20/390 {3450 |556 |39 "D" 300/565 |349.5 |57.9 29
© ®

Tab. 5.7 - Site 'V33: Directional results calculated using principal component |
analysis (Kirschvink, 1980).




5.2.6 - Site V26

a) - Intensity Behaviour

The initial NRM was around 2800 mA/m for all 6 samples. They showed the same
behaviour over all the temperature spectra, except 07A, which had an increase in>intensity
between 20 and 100°C (Figs. 5.15, 5.16). A distinct convex curvature was always showed in
the range 250-460°C followed by a quite linear decay until 565°C and terminating with a
small tail at 580° where the initial remanence was completely demagﬁetized. |

b) — Directional Behaviour

The 6 samples showed up to three different componeﬁts. For example, sample 01 had a
~ low temperature component in the range 100-360°C, a medium one betwéen 390 and 460°C .
and the highest one between 460 and 560°C. All the other samples had the same high
component while, the lowest one, was in the range 150 - 460°C.

The linear analyses of the vectors showed that the high tempefature components did not
always have the best definition but there was a good consistency between them. The saﬁxe

occurred for most of the medium components (Tab. 5.8).

5.2.7 - Site V31

a) - Intensity Behaviour

Sample 14 showed a very anomalous trend (Figs. 5.17, 5.18). A concave curve between
100 and 460°C and then, with increasing temperature, a linear decrease in intensity with a
clear break at 520°C. At 620°C it was not completely demagnetized ahd showed a ﬁnal
steep decay, thh no tail and some 7% of NRM still remained. '

~All the other samples showed a very similar behavioqr to each other. Initial NRM was

about 5000 m»A/mA and, by 620°C, was completely demagnetized. All the curves showed an

accelerating decrease in intensity terminating with a small concave tail.
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b) — Directional Behaviour

These 6 samples showed two completely different sets of behaviour. Samples 01, 06 and
08 had a quite clear single component that was very well defined, especially at high
temperatures. The other 3 samples showed at least three different components, at different
rangés of temperature, linked often with a curving trend.

The visual analyses of the vectors (Tab. 5.9) showed that the highesf temperature
component was almost identical to the' one isolated from the first group of samples, but only

in sample 11 was it well defined.

5.3-AD 1697
5.3.1 - Site V28
a) - Intensity Behaviour
These 6 samples had an initial NRM around 8000 mA/m and, by 620°C, had been
completely demagnetized, generally with a final small tail above 550°C (Figs. 5.19, 5.20). All
| the samples showed a very little decrease in intensity until 330°C followed by a rapid
accelerating decrease with increasing .tevmperature until the start of the final tail. A cleér |
deflection occurred in the sample 02 at 480°C while; in samples 05 and 06,A around the same
temperature, it was poorly marked.
b) - Directionai Behaviour
All the samples shov;red a very well &eﬁned high temperatﬁre component between 565 and
620°C. The vertical vector, in all the spectra, showed generally a better linear trend than the -
horizoqtal bone which had a zigzag behaviour especially at low and‘medium temperatures.
The high temperature component analyses showed different groupings of declination

valﬁes; samples 02, 05 and 06 showed declinations around 15°, 08 and 12 around 356° while



sample 11 declination had an intermediate value, 6°. The inclination was almost the same for -

all samples (Tab. 5.10).

5.3.2 - Site V29

Premise

For these 7 samples, slightly different steps of temperature were used than for other sites.'
It was the first site thermally demagnetized and therefore was used as a test. Later, in
accordance with all the other experiments, diﬁ‘erent- temperature settings were chosen.

a) - Intensity Behaviour

All the samples showed high initial NRM values of about 7500 mA/m and by 620°, were
A almost completely demagnetized. They showed an accelerating decrease in intensity startihg
from 150°C and terminating at 560°C, above which a little concave tail occurred. Minor
deflections, at slightly different temperatures (425-460°C) were noticed m all the samples
(Fig. 5.21; 5.22, 5.23). |

b) — Directional Behaviour

Both vertical and horizontal vectors showed similar behaviour; a very linear trend
throughout the medium and high’terﬁperatures and an unclear one at low temperatures. A
more detailed analysis of the vectors showed a unique component for all the samples, except
03 that showed a slightly different component between 480-540°C.

The iﬁclination value was almost identical for all the samples while the declination of the
sample 13 was sligfxtly different from é]l'the otheré. It was noticed that the high temperature

component of sample 13 was consistent with the medium one of the sample 03 (Tab. 5.11).
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AD 79-1631 site V26
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Fig. 5.15 - Site V26: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V26
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Fig. 5.16 - Site V26: Zijderveld diagrams and Intensity plots.
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AD 79 - 1631 site V26

Sample 01

Tab. 5.8 - Site V26: Directional resuits calculated using principal component
analysis (Kirschvink, 1980).

, Sample 07A
Steps _ |Dec |Inc |MAD/{ {Steps ‘IDec  {Inc. |MAD
"D" 460/565 (*) 184 322 |58 "D" 500/565 (*) 254 |45 28"
"O" 460/565 (*) 198 299 |33 "O" 500/565 (*) 259 |43 24
"D"390/460 3535 [62  |2.1 "D"150/440 - 9.9 |552 |33
"D" 100/360 3215 |52.6 |3.7 (*) erasing steps 580°C @
(*) erasing steps 480,580°C (@ ‘
Sample 03 ~ Sample 09A
Steps Dec |jInc |[MAD| {Steps Dec |jInc |MAD
"D" 500/565 (*) 1273 269 |42 "D" 420/565 (*) 15.7. 155.1 |22 -
“1"0" 500/565 (*) |27.8 |27.5 |2.5 10" 420/565 (*) 16.7 [546 |15
"D" 150/440 (**) (102 |506 |3.6 "D" 100/360 144 |58 38
(*) erasing step 580°C - - ® ['D" 100/565 (**) |[15 125 |574
(**) erasing step 480°C "0"100/565 (**) |13.7 |566 [1.4
(*) erasing steps 580°C ©
(**) erasing steps 20,390,580°C
: Sample 04 = Sample 10A
Steps " |Dec  |Inc |MAD] |Steps : Dec {Inc |MAD
"D" 500/565 (*) ]21.5 |39.1 |[3.8 {"D" 460/565 (*) 10.8 (589 |33
*0Q" 500/565 (*) - |242 |368 |3.4 J"0" 460/565 (*) 113 |586 |2
1"D" 150/500 11 5.5 573 D" 150/460 35 555 . 12.7
(*) erasing steps 580°C (© () erasing step 580°C ®




AD 79-1631 site V31
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Fig. 5.17 - Site V31: Zijderveld diagrams and Intensity plots.
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AD 79-1631 site V3l
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Fig. 5.18 - Site V31: Zijderveld diagrams and Intensity plots.
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AD 79 - 1631 site V31

Sample 01 Sample 08 -
Steps Dec |Inc |MAD] |Steps Dec |Inc |MAD
"D" 535/620 17.8. 165.7 0.6 D" 520/620 (*) 98 '|644 (04
"O" 535/620 178 654 0.5 "D" 330/620 (*)  19.5 641 |1
"D" 330/440 8.9 59 25 "O" 330/620 (*) 9.8 64.1 10.6
"D" 300/620 (*) 146 ]65.1 |1.6 (*) erasing steps 565°C ©
"0"300/620 (*) [153 [652 1
(*) erasing steps 460°C @)

Sample 06 ___ Sample 11 |
Steps Dec |Inc [MAD] {Steps Dec |Inc [MAD
"D" 520/620 13.1 619 |06 "D* 580/620 110.4 1668 |1
"O"'520/620 142 613 |1 "O" 580/620 10.5 |66 0.8
"D" 360/620 (*) 13.9 1608 |1 @
"0"360/620 (*) 142 {607 |0.7
(*) erasing step S00°C ®)

Tab. 5.9 - Site V31: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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AD 1697 site V28
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Fig. 5.19 - Site V28: Zijderveld diagrams and Intensity plots.
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AD 1697 site V28
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Fig, 5.20 - Site V28: Zijderveld diagrams and Intensity plots.
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AD 1697 site V28

Tab. 5.10 - Site V28; Directional results calculated using principal component

analysis (Kirschvink, 1980).

Sample 02 Sample 08
Steps Dec |Inc MAD Steps Dec |Inc MAD
"D" 535/620 155 [56.6 {04 "D" 595/620 359.3 1595 |1.1
"O" 535/620 156 |564 |03 "O" 595/620 358.6 |59.3 |0.5
"D "250/535 116.8 544 |7 "D" 500/565 356 [60.2 0.7
@ @
Sample 05 Sample 11
Steps Dec |Inc MAD Steps Dec |Inc - {MAD
"D" 580/620 183 1622 |04 "D 565/620 7 |60 1
"0" 580/620 189 616 |0.5 "0" 565/620 6.8 60 0.6
"D" 440/535 16.6 [599 |4 |"D" 20/620 6 598 |22
® 1"0" 20/621 6 59.9 [1.1
© '
| " Sample 06 Samplel2
Steps Dec |Inc - [MAD} |[Steps ’ Dec {Inc |MAD
{"D" 580/620 11.2 1627 {12 "D"580/620- 356.8 163.9 {0.3
"0" 580/620 12 619 |08 "D"580/620 356.6 |63.6 |02
"D" 480/550 127 612 |15 "D"520/580 355.7 |65.3 |1
© ‘ "D"520/620 355.7 |65.1 |08
"D"520/620 355.7 |64.8 0.6
®




AD 1697 site V29
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Fig. 5.21 - Site V29: Zijderveld diagrams and Intensity plots.



AD 1697 site V29

NN

a4

Sample 09

Scale = 2000 mA/m

NN

Fo g Mmax =_7730 mA/m

Scale = 1000 mA/m

Fig. 5.22 - Site V29: Zijderveld diagrams and Intensity plots.
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Fig. 5.23 - Site V29: Zijderveld diagrams and Intensity plots.
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AD 79 - 1697 site V29

Tab. 5.11 - Site V29: Directional results calculated using principal component
analysis (Kirschvink, 1980).
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Sample03 L Sample 13
Steps - |Dec  |Inc |MAD Steps Dec |Inc |MAD{
"D" 540/620 12.7 582 {04 | }I'D"500/620 8.2 53.3 (0.7
"O" 540/620 128 |582 |03 "O" 500/620 8.2 53.5 |05
"D* 480/540 94 {575 13 "D" 440/620 (*) [7.9 536 |06
"D" 20/620 11.6 568 |2 "O" 440/620 (*) |8 53.7 |04
"Q" 20/620 11.7 [572 |08 (*) erasing steps 580°C ©
@ '
Sample 04 _
Steps Dec |(Inc  |[MAD :
1'D" 400/620 . |15.2 |56.7 |0.6 ‘Sample 14 :
"O" 400/620 153 |56.7 "}0.3 - |Steps Dec |Inc MAD
® "D" 480/620 148 |58 0.5
_ - 1"O" 480/620 15 1582 |04
Sample 05 "D" 400/620 (*) 152 [586 [0.7
Steps Dec |Inc [MAD] ["O"400/620(*) {153 |586 |05
"D" 500/620 143 561 0.5 | (*) erasing step 580°C ®
"O" 500/620 145 |562 (04
© ‘ o
-Sample 09 Sample 15
ISteps Dec |[Inc |[MAD| [Steps Dec . |[Inc {MAD
"D" 480/620 (*) |19 577 10.6 "D" 520/580 184 |584 09
"O" 480/620 (*) |19.2 {578 |0.5 "O" 520/580 183 592 {08
- §"D"20/620 186 (578 |2.1 1"D" 20/620 185 602 |26
"O" 20/620 19 58 1 *O" 20/620 18.7 {60.1 |1
(*) erasing steps 610°C @ ®




5.4 - AD 1714/(1906?)

5.4.1 - Site V38

a) - Intensity Behaviour

All these 8 samples had an initial NRM around 5000mA/m and showed an accelerating
decrease in intensity starting from 250-300°C, terminating around 580°C with an almost
linear tail (except for samples 11A and 12B that showed a concave tail) until 620-630°C
(Figs. 5.24, 5.25, 5.26). |

Some sam§1e5 showed minor irregularities around 330-360°C but all of them s;howed a
clear deflection around 460-480°C. Sample 09A had an increase in intensity at 520°C. |

b) — Directional Behaviour

Samples 09A and 67A had a very unclear trend, especially for the horizontal vector, and
only a very high temperature component could be isolated by v1sual analyses. All the other
sample vectors showed a similar behaviour to each other with a clear and unique component
starting from 480-520°C.

Both declinations and inclinations were very consistent for all the samples (Tab. 5.12).

5.5-AD 1754

5.5.1 - Site V39

a) - Intensity Béha_viour

These 8 samples showed mainly a similar behaviour: -an initial NRM around 5000 mA/m,
“an accelerating decrease in intensity starting around 300°C then, around 550°C, a tail with a
generally linear trend, but sometimes concave. | |

Minor irregularities dccufred in all. the 'sample vectors around 360—4205C while a
deflection occurred around 480°C for 04A, 05A and 06A (Figs. 5.27, 5.28, 5.295.

b) — Directional Behaviour
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These samples showed two slightly different components, except sample 01A. A medium
component between 440-500°C and 550-565°C, and a higher one between 565 and 610-
630°C.

The linear analyses of the vectors showed that the high temperature component was not
always the best defined but there was a good consistency between them. The same occurred
for most of the medium components (Tab. 5.13).

At the highest temperature (610 to 63A0°C) all samples (except 0SA and 06B) had both the

declination and inclination values moving away from the main value.

5.5.2 - Site V40 |

a) - Intensity Behaviour

These 8 samples had an initial NRM around 4000 mA/m and, by 620-630°C, hgd been
completel& demagnetized, generally with a little final concave tail above 550°C (Fxgs 5.30,
~ 5.31, 5.32). All the samples (except 06A, 011 A and 013A) showed an almost linear decrease
in intensity with two clear breaks (420°C and 535°C) in the rate of decrease. The
exceptional samples, mentioned above, had accelerating decreases in intensity with increasing
temperature, starting around 300°C, although they showed minor deflections around the
temperatures as the above mentioned breaks. The same deflections occurred in 06A and
12A around 565-580°C, probably indicating a significant unblocking.

b) — Directional Behaviour |

In almost all the samples the horizontal vector showed a zigzag trend until 500-520°C, v
while the vertical vector was linear over all the temperature steps. Above 500-520°C, the
visual analyses showed a quite well defined component with declination and déclination

values very similar for all the samples (Tab. 5.14).
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At the highest temperature (620 to 640°C) all samples (except 06A and 11A) had both
the declination and inclination values moving away from the main value.

5.5.3 - Site V41

a) - Intensity Behaviour

These 8 samples had an initial NRM around 6-7000 mA/m and, by 620°C, had been
completely demagnetized, generally with a final little tail above 550°C (Figs. 5.33, 5.34,
5.35). All the samples showed a minor decrease in intensity until 330°C, followed by a rapid
accelerating decrease until the start of the final tail.

A clear mo@y occurred in all the samples arbund 535-550°C, while minor irregularities
occurred in different samples at different steps of temperature.

b) — Directional Behaviour |

All the samples showed a very well defined high temperature component between
460/520 and 620°C. Both the vertical and the hodzon@ vector, showed a very linear trend |
for all the @plm, whit a zigzag behaviour only at low temperatures. Samples 11A and 12A
had the same clear irregularity at 550°C.

The high temperature component analyses showed a unique group of declination and

inclination values with a very small MAD in all the samples (Tab. 5:15).

5.6-AD 1760

5.6.1 - Site V32

a) - Intensity Behaviour

Samples 01 and 03 behaved quite diﬁ'erently from the other 4 samples. They had a lower

initial NRM (4000 mA/m), two linear decreases in intensity with a clear break at 250°C and a
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very significant deflection at 460°C indicating an important unblocking temperature. Neither
showed a final tail and there was some NRM (~7%) remaining.

The other samples had a higher initial NRM (7000-mA/m). They showed a very small
decrease in intensity until 300° followed by an accelerating decrease until 535°, from which
temperature a little tail started (except 11 and 12 that had no evidence of it). Some minor
irregularities occurred at 360, 460 and 550°C. (Figs. 5.36, 5.37)

b) — Directional Behaviour |

All the samp}es behaved very similarly (Tab. 5.16). They showed a linear trend over the
medium and high temperature range (especially the vertical vector) starting usually around
250-300°C. A few breaks in the trend occurred around the same temperatures as the above

mentioned irregularities.

5.6.2 - Site V34

a) -‘Intensity Behaviour

Samples 01, 02, 03 and 04 showed a slightly different behaviour from the other two. In
fact they had a higher initial NRM (3500 mA/m) and showed an accelerating decrease in
intensity starting around 330°C with a clear deflection (especially 01 and 02) at 420°C.

Samples 06 and 11 had the initial NRM respectively of 3000 and 2500 mA/m. They
showed a quite linear decay from 20°C and about 390°C showed a small accelerating
decrease in intensity until S00°C. Minor irregularities occurred at 300 and 460°C.

All the samples showed a very small tail starting around 535-550°C. At highest
temperature (550 to 580°C) samples (except 06, 11 and 04) had both" the declination and
inclination values moving slightly away from the main value (Figs. 5.38, 5.39).

b) — Directional Behaviour
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Both vertical and horizontal vectors showed similar behaviour; a very linear trend
throughout thé medium and high temperatures, especially for the vertical component, and an
unclear one at low temperatures. A detailed analysis of the vectors showed a unique

component for all the samples with a very low MAD (Tab. 5.17).

5.6.3 - Site V35

a) - Intensity Behaviour

All these 11 samples showed a very similar behaviour (Figs. 5.40, 5.41, 542, 543).
Starting from an initial NRM value of 3500 mA/m, by 620°C they had been almost
completely demagnetized (<2°). No significant decrease in intensity was seen until 250°C,
while an accelerating decrease started at that temperature until 535-550°. A final small linear
tail was present.

Some minor irregularities occurred around 4ZQ and 535°C in almost all the samples while
an anomalous int_:rease in intensity occurred at 500°C only in sample 05. |

b) — Directional Behaviour

All the samples showed a very well defined high temperature component usually between
500 and 620°C. Both the vertical and horizontal vectors showed an unclear behaviour at
lowest temperatures but a very linear trend above 560°C.

The high temperature component analyses showed a véry good consistency in

declination and inclination values with a MAD often below 1° in all the samples (Tab. 5. 18).
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AD 1714 (1906) site V38
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Fig. 5.24 - Site V38: Zijderveld diagrams and Intensity plots.
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AD 1714 (1906) site V38
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Fig. 5.25 - Site V38: Zijderveld diagrams and Intensity plots.
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AD 1714 (1906) site V38
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Fig. 5.26 - Site V38: Zijderveld diagrams and Intensity plots.
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AD 1714(1906) site V38

Sample 01 Sample 07
Steps Dec {Inc MAD Steps "~ |Dec |Inc MAD
D" 20/630 356 512 |22 "D" 20/610 359.9 |52 29
"O" 20/630 3564 |51.2 |1.1 "O" 20/610 13584 (524 |15
D" 480/535 356.5 j46.8 |1.1 "D" 520/610 (*) }356.6 |53.3 |1
{ "D" 535/580 3558 |52.8 0.9 "O" 520/610 (*) |356.1 |53 08
"D" 480/630'(*) |356.6 |50.3 |1.3 (*) erasing steps 535,565°C - (d)
|"O" 480/630 (*) |356.6 |S0.6 {0.8 . _ -
| "D" 550/630 (*) |357.2 [522 |13 Sample 08
| "O" 550/630 (*) |356.8 |51.6 |1 Steps Dec |inc _ |MAD
"D" 480/630 - 1356.3 |503 |13 "D" 565/630 359.3 |51 24
"O" 480/630 = |356.6 |50.6 0.9 . "O" 565/630 13575 |513 |14
(*) erasing steps 595,610°C @ "D" 500/565 3542 {489 (1.7
© '
1 Sample 09 ‘
Sample 03 ISteps © |Dec |Inc MAD
Steps ' Dec " |Inc MAD "D" 565/620 3526 |522 |07
"D" 20/630 358.5 |51.5 |19 *O" 565/620 3525 |52.1 (0.5
"0" 20/630 3589 (514 |1.1 ~ (*) erasing steps 580°C ®
"D" 480/630 358.7 |50.6 |09 - ~
"O" 480/630 . 1359.2 {50.7 0.7 Sample 11
"D" 480/550 3575 |50 0.7 Steps Dec |Inc |[MAD
"D" 565/610 . 3586 |48 3 "D" 480/630 3553 |499 1.1
®) ’ ' *O" 480/630 - 355.6 150.2 109
"D" 480/550 3552 {49.1 |13
= .
Samiple 05 Sample 12
Steps. Dec |Inc |[MAD| [Steps Dec |Inc |MAD
"D" 20/630 - 1358.7 526 |2 "D" 520/630 3543 |54.6 |08
"0" 20/630 359.1 526 1.1 "0" 520/630 3547 1548 0.7
"D" 480/630 3594 |52.1 |12 "D" 520/630 (*) |354.2 |54.6 ]0.8
"O" 480/630 359.7 |52.1 |09 "O" 520/630 (*) |354.7 |548 |0.6
© (*) erasing steps 610,620°C (h).

Tab. 5.12 - Site V38: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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Fig. 5.27 - Site V39: Zijderveld diagrams and Intensity plots.
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AD 1754 site V39
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Fig. 5.28 - Site V39: Zijderveld diagrams and Intensity plots.
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AD 1754 site V39
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Fig. 5.29 - Site V39: Zijderveld diagrams and Intensity plots.
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AD 1754 site V39

Sam

Tab. 5.13 - Site V39: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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Sample 01 - le 06B .
Steps Dec |Inc |MAD Steps Dec |Inc |MAD
"D" 520/595 309.8 1654 |1 "D" 565/620 341.1 |64 1.3
"O" 520/595 3113 |654 0.7 1"0" 565/620 340.7 {63.5 0.8
(a) "D" 520/565 337.7 {63 1.6
©
Sample 04 ‘ Sample 09 -
Steps Dec: |Inc |MADJ| }Steps {Dec |Inc  |MAD]
"D" 565/610 3458 [67.7 |2.9 "D" 580/620 3395 |62.8 |3.8
"D" 500/550 333.4 167.1 |1.2 "D" 500/565 - |335.5 [65.5 |24
"D" 440/550 (*) |329.5 |66.4 |1.7 "D" 565/610 337.6 |659 4.5
(*) erasing steps 480°C ®) "0 565/610 336.6 |167.1 1.6
® '
» Sample 05 N Sample 11
Steps. Dec |Inc |MAD Steps |{Dec |Inc |MAD]
"D" 565/610 346.2 |67 1.3 |"D" 595/630 3123 |666 |18 |
1"0" 565/610 345.8 |65.7 |0.8 "D" 460/565 308.4 |63.3 |2.3
"D" 440/565 337.7 {66.1 |1 "D" 500/620 308.4 [65.1 1.1
(*) erasing step 500°C © "O" 500/620 307.8 {654 0.8
. Sample 14
Sample 06A Steps Dec |Inc |MAD]
{Steps Dec |Inc |MAD| |"D" 565/630 3409 165.6 |1.7
"D" 565/610 . {3504 |61.6 [2.7 "D" 480/565 330.8 |]65.8 |1.3
"D" 500/550 336.1 }165.5 |3.1 |'D" 565/620 341.1 1652 |1.9
@ (*) erasing step 500°C (b)



AD 1754 site VA0
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Fig. 5.30 - Site V40: Zijderveld diagrams and Intensity plots.
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AD 1754 site V40
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Fig. 5.31 - Site V40: Zijderveld diagrams and Intensity plots.
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AD 1754 site V40
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Fig, 5.32 - Site V40: Zijderveld diagrams and Intensity plots.
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AD 1754 site V40

Tab. 5.14 - Site V40: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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~Sample 01 Sample 07
Steps - Dec {Inc |{MAD] |[Steps Dec {Inc .= |[MAD]
D" 565/630 343.6 163.7 |23 "D" 520/620 342.2 1682 |1.1
"O" 565/630 3424 |654 |2 "O" 520/620 3425 168.2 |0.7
"D" 420/550 (*) 13359 [62.5 |2 @ '
"D" 565/610 3448 |63.9 2.6 o
"D" 565/620 3434 163.7 |26 o Sample 08 ,
(*) erasing step 500°C @ . |Steps Dec |Inc |MADJ}
"D" 520/620 3422 {682 |1.1
"0" 520/620 3425 (682 0.7
, © |
Sample 05 -
Steps Dec |Inc |MAD ~ Sample 10
"D" 520/620 3409 {65.1 |18 {Steps {Dec |Inc |MAD
"D" 500/620 3429 l64.7 (18 "D 580/630 337.1 |64.7. |2.8
®) ‘ "O" 580/630 336.7 166.4 1.8
®
Sample 06 . Sample 11
Steps Dec |(Inc |[MAD Steps Dec |[Inc |MAD}
"D" 535/620 3424 1627 |19 "D" 520/620 345 1654 (0.7
1"0" 535/620 3429 163 |11 "O" 520/620 3442 165.1 |05
"D" 535/620 (*) |342.5 |62.7 |1.1 ® ’
"O" 535/620 (*) |342.4 |63 0.7 ,
"D" 390/500 328.5 169.7 }9.1 Sample 13-
D" 390/500 (**) 1326.7 |69 |5.5 Steps Dec |Inc |MAD
"(*) erasing step 580°C © "D" 580/630 3513 [61.9 |2
(**) erasing step 440°C h)



AD 1754 site V41
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Fig. 5.33 - Site V41: Zijderveld diagrams and Intensity plots.
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AD 1754 site V41
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Fig. 5.34 - Site V41: Zijderveld diagrams and Intensity plots.
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AD 1754 site V41
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Fig. 5.35 - Site V41: Zijderveld diagrams and Intensity plots.
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AD 1754 site V41 -

Sample 02 : Sample 08

Steps Dec |Inc jMAD] |Steps Dec |Inc |MADJ}

"D" 565/620 ©  {343.8 |61.3 |1.8 "D" 500/620 341.6 |66.6 (0.7

"O" 565/620 3434 {615 |[l1.1 "0" 500/620 341.5 ]66.6 10.5

"D" 500/620 3459 [60.8 |0.7 @ '

"0" 500/620 345.6 |60.8 }0.6

"D" 500/620. 3428 |62.1 |06 Sample 09 :

"0" 500/620 3423 |62.1 |05 Steps Dec jInc |MADJ}

@) "D" 460/620 344.1 |61.3 |09
"O" 460/620 343.7 |61.4 ]0.7
©

: ‘Sample 06 ,

Steps’ Dec [Inc |[MAD} , ‘Sample 11

"D" 440/620 = {347.6 {624 105 Steps Dec {Inc |MAD}

"O" 440/620 3475 |625 0.4 "D" 480/620 349.6 |165.7 |05

) "O" 480/620 3492 [65.7 (0.4
®

- Sample 07 Sample 12

Steps Dec |Inc |MAD] [Steps Dec {Inc |MAD]

"D" 460/620. 348.7 |61 0.7 "D" 520/620 351.3.163.7 0.5

"0" 460/620 13484 l61.1 0.5 "O" 520/620 (*) {350.7 {63.7 |0.5

© (*) erasing step 550 @® -

Tab. 5.15 - Site V41: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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AD 1760 site V32
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Fig. 5.36 - Site V32: Zijderveld diagrams and Intensity plots.
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AD 1760 site V32
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Fig. 5.37 - Site V32: Zijderveld diagrams and Intensity plots.
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AD 1760 site V32

Tab. 5.16 - Site V32: Directional results calculated using principal component

vamlysis (Kirschvink, 1980).
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Sample 01 Sample 07 :
Steps - |Dec |Inc |MAD] |{Steps ' Dec |(Inc |MAD]
"D" 550/630 {345 {653 |1.3 "D" 460/630 . 343.5 {604 0.8
*Q" 550/630 344:1 |655 |05 "O" 460/630 343.7 160.6 0.6
@) @
Sample 03 - ‘Sample 11 _
Steps A Dec |{Inc |MAD Steps Dec (Inc |MAD]
"D" 565/630 343.6 [629 |14 "D"* 550/630 3439 |61.4 1.7
() ' " "O" 550/630 1345 |61.1 0.7
®©
_ Sample 06 - Sample 12
Steps Dec |Inc |MAD Steps - |Dec |Inc |MADJ
"D" 480/595 336.2 |64.8 |1.2 "D" 535/630 (*) |341.5 688 |1.2
© "O" 535/630 (*) {342.1 |67.9 |08
(*) erasing step 580°C ®
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Fig, 5.38 - Site V34: Zijderveld diagrams and Intensity plots.
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AD 1760 site V34
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Fig. 5.39 - Site V34: Zijderveld diagrams and Intensity plots.
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AD 1760 site V34

Sample 01 Sample 04 :
Steps Dec |Inc |MAD] |Steps -{Dec |Inc - |MAD}
"D" 520/595 347.5 1633 ]0.9 "D" 500/595 1346.6 |64 0.4
"O" 520/595 3472 |63.6 0.7 *Q" 500/595 346.7 |64 |04
@ - @

Sample 02 1 Sample 06
Steps Dec |Inc |MAD] . |Steps Dec |Inc |MAD}
"D" 520/595 344.7 160.1 |04 "D" 480/565 343.1 |59 1.1
"O" 520/595 . |344.7 |60.2 (0.3 "0" 480/565 344 [59.1 |09 -
® - © o

. Sample 03 K , ‘Sample 11

Steps |Dec |Inc |MAD Steps Dec |Inc |MAD
"D" 520/595 346.2 |64.5 [0.9 "D" 390/535 (*) |343.4 |66.1 |04
"O" 520/595 3462 (645 (0.6 "0" 390/535 (*) |344.4 [66.1 |04
©) (*) erasing step 420°C

Tab 5.17 - Site V34: Directional resuits calculated using principal oomponent
analysis (Kirschvink, 1980).
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AD 1760 site V35
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Fig. 5.40 - Site V35: Zijderveld diagrams and Intensity plots.
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AD 1760 site V35
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Fig. 5.41 - Site V35: Zijderveld diagrams and Intensity plots.
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AD 1760 site V35
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Fig. 5.42 - Site V35: Zijderveld diagrams and Intensity plots.
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AD 1760 site V35
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Fig. 5.43 - Site V35: Zijderveld diagrams and Intensity plots.

125



S

AD 1760 site V35

Tab. 5.18 - Site V35: Directional results calculated using principal component

analysis (Kirschvink, 1980).
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Sample 03 Sample 10A
Steps Dec |Inc |MAD] [Steps Dec  |[Inc |MAD
"D" 535/620 345.6 {599 {16 "D" 520/620 337.2 |59 0.6
"O" 535/620 3453 |59.7 |09 "O" 520/620 337.6 |58.7 ]0.5
@ | @®
Sample 04 ~_____Sample 10B
Steps Dec |Inc |MAD] |Steps " |Dec |Inc |MAD
"D" 550/630  |351.3 |654 |1.5 "D" 595/630 " |342.2 |59.7 |1.6
J"O" 550/630 3519 |652 |1 "Q" 595/630 342 595 |08
‘®) "D" 550/595 336.8 |59 1.5
(b) ’
__Sample 05
Steps {Dec {Inc |MAD Sample 11A
"D" 500/620 350.6 {63.9 (0.8 Steps Dec {Inc |MAD
"O" 500/620 3499 {639 0.6 "D" 595/630 344 |63.1 |13
© | "0"595/630  [344 - [63.2 [0.7
"D" 480/630 (*)  {347.7 {62.4 |0.8
Sample 06B (*) erasing step 520°C @
Steps Dec |Inc |MAD | A
"D" 550/630 - |341.7 |59.7 |1
*O" 550/630 341.5 |599 0.7 3 Sample 12
@ Steps "|Dec |Inc [MADJ}
: |"D" 595/630 345.1 |659 |1.1
Sample 07B - "O" 595/630 346.2 |165.9 |0.7
Steps Dec |Inc [MAD D" 520/630 3485 165.2 |14
"D" 520/620 3479 |62 0.8 "O" 520/630 348.4 {653 0.9
"O" 520/620 3475 |61.8 |0.6 O '
©
Sample 08 Sample 13
Steps |Dec |Inc = |MAD|] |Steps Dec |Inc' |MADJ]
"D" 500/620 3432 1593 [0.6 "D" 535/620 348.8 |68.2 |1
"O" 500/620 343.1 {592 |04 "O" 535/620 347.6 |67.9 [0.7
® (m)



5.7-AD 1806

5.7.1 - Site V24

a) - Intensity Behaviour

These 6 samples showed two different sets of behaviour (Figs. 5.44, 5.45). Samples 04,
06 and 07 had an highest initial NRM (around 3700 mA/m) and, by' 565°C, had been
completely demagnetized, generaﬂy with a very small tail above 535°C. This first group of

‘samples showed a little decreasing in intensity until 250-300°C (except 04 which had a
51gmﬁcant linear decrease between 20-150°C) and showed an. accelerating decrease in
intensity terminating around 580°C. A significant deflection occurred around 460°C (exceptr
in 04), while minor irregularities occurred at different steps of temperafures.

The second group (samples 09, 10 and 12) had a lowest initial NRM around 2000 mA/m.
These samples showed an almost linear decrease in intensity until 535°, where a little final
tail took place. By 565°C they were completely demagnetized. Three clear breaks in the rate
of decrease occurred: at 150,-360 and 480°C. |

b) — Directional Behaviour

The two differences in intensity behaviour were also evident in the directional analyses.
Sample 04, 06 and 07 showed a well defined ﬁigh temperature component between 480 and
565°C. The verﬁéal vector, in all the spectra, showed a linear trend while the horizontal one
alWéys had a zigzag behaviour especially at low and medium temperatures.

Samples 09, 10 and 12 showed a 'poorly defined component at low and mediqm
temperatures. Starting from 460°C these samples had both the declination and inclination
values moving away from the main value.

Although there was a clear difference in behaviour, the component analyses showed a
unique group of declination and inclination values with a quite low MAD in all the se.lmples-

(Tab. 5.19).
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5.7.2 - Site V25

a) - Intensity Behaviour

All these 6 samples had an initial NRM around 2500 mA/m and, by 580°C, had been
completely demagnetized (Figs. 5.46, 5.47). They showed an almost linear decay
terminating with a little tail at 550°C. Only samples 07, 08 and' 09 showed a clear break at
250°C followed by a quite concave curve. Some minor irregularties occurred at different
sfeps of temperature.

b) — Directional Behaviour

In almost all the samples-the horizontal vector showed an uncertain trend until 420°C,
while the vertiéal vector waé almost linear over all the temperature steps. Visual analyses
showed a.A poorly defined component especially at low and ﬁaedipm temperaturés. with
declination and declination values very similar for all the samples (Tab. 5.20).

At the highest temperature (above 500°C) all samples had both the declination and

inclination values moving away from the main value.

5.8-AD 1839

5.8.1 - Site V42

a) - Intensity Behaviour

All 8 samples showed a very similar behaviour (Figs. 5.48, 5.49, 5.50). The initial NRM
was about 4500 mA/m and, by 620°C, was almost completely demagnetized (i 1%). All
curves, starting from 390°C, showed an accelerating decregse in intenéity with increasing
temperaturé terminating with a small tail at 550°C. A very little irregularity occurred at about
560°C for samples 08A, 10A and 12A. |

b) — Directional Behaviour
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All the samples showed a well defined high temperature component usually between
440/500 and 595/620°C. Both vertical and horizontal vectors showed a linear trend for all
samples, at medium and high temperatures, and a zigzag behaviour at low temperaturés.

Although some steps needed to bé erased because of their poor definition, all samples
showed a unique direction with a very low value of MAD In fact both_ declination and
inclination values were really consistent for all the samples (Tab. 5.21).

At the highest temperature (610 to 620°C) samples 01A, 06A, 08A and 13A) had both

the declination and inclination values moving slightly away from the main value.

5.8.2 - Site V43

a) - Intensity Behaviour

These 8 saxriples showed mainly a similar behaviour (Figs. 5.51, 5.52, 5.53): an initial |
NRM around 5000 mA/m, an accelerating decrease in inten;sity starting around 330°C and,
around 550°C, a little tail with a concave trend (sometimes linear).

Minor irregularities occurred in all the samples around 560°C.

b) — Directional Behaviour

All the samples showed‘ a Well defined high temperature component usually between -
440/500 and 595/620°C. Both vertical and horizontal vector showed a linear trend for all the
samples, above 500°C, and an uncertain bghaviour at low temperatures.

Both declination and inclination values wefe very consistent for all the samples (Tab.
5.22), but in some samples few steps needed to be erased becaﬁse éf their poor definition.

At the highest femperature (610 to 620°C) sample 08A had both the declination and

inclination values moving slightly away from the main value.
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5.8.3 - Site V44

a) - Intensity Behaviour

These 8 samples had an initial NRM around 3000 mA/m, and by 565°C, had been
completely demagnetized, but they showed an anomalous behaviour (Figs. 5.54, 5.55, 5.56).
Samples 03 A, 04B, 07A, 09A and 11A showed an almost linear decrease in intensity with a
clear break (420°C) in the rate of decrease. A significant deflection also occurred at 500°C

Samples 08a and 12A showed an increase in intensity until 150°C followed by an
accelerating decrease until 500°C where a little convex tail took place.‘ They showed the
same irregularities as the previous samples.

Sample 01A showed a linear decay until 250°C, a very zigzag behaviour until 440°C and |
again a linear trend until the end.

b) — Directional Behéviwr

The diﬁ'erenc;es in intensity behaviour were still evident in the directional analyses. In
samples O1A, 03A, 04B, 07A, 09A and 11A, a vertical vector, in all spectra, showed a linear
trend while the hoﬁzénta] one always had a zigzag behaviour, especially at low and medium
temperatures. Samples 08A an_d 12A showed a curving trend from the initial NRM to 360-
390°C followed by an almost linear trend until 565°C

Although there were clear differences in behaviour and some Steps needed to be erased
becausé of their poor definition, the component analyses showed similarity in declination aﬁd

inclination values with an acceptable MAD for all the samples (Tab. 5.23).
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AD 1806 site V24
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Fig. 5.44 - Site V24: Zijderveld diagrams and Intensity plots.
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AD 1806 site V24
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Fig. 5.45 - Site V24: Zijderveld diagrams and Intensity plots.
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AD 1806 site V24

Sample 04 . ' : Sample 09
Steps ' Dec |Inc |MAD Steps Dec |Inc |MAD]
"D" 500/ 565 350.2 |58.2 |0.8 "D" 20/565 346.7 |60 2.9
"O" 500/ 565 3495 |57.5 10.9 "Q" 20/565 346.8 |58.1 |24
"D" 480/ 535 348.4 |58.2 |14 "D" 150/360 353.4 |56.9 |2.6
"O" 480/ 535 348.6 |57.7 |0.6 "D" 20/440 - 13471 |1596 |24
@ "D" 20/440 (*) 346 1599 1.6
"O" 20/440 (*) 346 |58.6 |0.7
(*) erasing steps 150,390°C @
Sample 06 | Sample 10 :
Steps Dec [Inc [MAD] }Steps Dec |[Inc |[MAD]
"D" 500/ 565 347.2 |56.7 0.8 D" 150/ 440 1356 ]60.1 4.4 )
"O" 500/ 565 346.5 {569 10.7 "D" 150/500(*) |354.7 |61.6 |3.6
® : "O" 150/ 440 351.8 |s8.1 {1.7
' "O" 150/420 352 {582 114
(*) erasing step 460°C )
Sample 07 ’ : Sample 12 -
Steps Dec |Inc |MAD Steps Dec |Inc |MAD}
"D" 500/ 565 3494 [59.4 0.8 "D" 150/ 550 3482 |56.5 |3.5
"O" 500/ 565  |348.9 {59 0.7 "D" 390/550(*) [347.6 |55.5 |2
"O" 480/ 565 (*) |347.6 |59 0.7 "D" 390/535(*) |348.3 |56 1.9
"D" 480/ 565 (*) |347.8 |59.4 [0.8 - (*) erasing steps 460,500°C ®
(*) erasing step 500°C ©

Tab. §.19 - Site V24: Directional results calculated using principal component
analysis (Kirschvink, 1980).
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AD 1806 site V25
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Fig. 5.46 - Site V25: Zijderveld diagrams and Intensity plots. ,
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AD 1806 site V25
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Fig. 5.47 - Site V25: Zijderveld diagrams and Intensity plots.
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AD 1806 site V25

Sample 03 , Sample 08
Steps Dec |Inc |MAD] {Steps Dec  |Inc MAD
"D" 330/ 500 350.2 {59.6 3.4 | ["D"250/420 3483 |593 |29
@ | ‘ @

Sample 05 : Sample 09
Steps Dec |Inc  |MAD Steps Dec |Inc MAD
"D" 20/500 3442 |553 3.6 | |'D"20/500 3473 |1596 (2.7
®) ©

Sample 07 Sample 11
Steps Dec |Inc |MAD Steps Dec |Inc MAD
"D" 250/ 420 3483 {593 (2.9 "D" 360/ 565 (*) |345.9 |53.2 3.1
© ®

* (*) erasing step 440°C

Tab. 5.20 - Site V25: Directional results calculated usmg principal oomponent :
analysis (Kirschvink, 1980).
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AD 1839 site V42
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Fig. 5.48 - Site V42: Zijderveld diagrams and Intensity plots.
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Fig. 5.49 - Site V42: Zijderveld diagrams and Intensity plots.
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AD 1839 site V42
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Fig. 5.50 - Site V42: Zijderveld diagrams and Intensity plots.
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AD 1839 site V42

_ Sample 01A _ Sample 08A
Steps Dec |jInc |MAD Steps Dec |Inc |MAD
"D" 580/ 620 3573 |55.5 |04 "D" 550/ 620 350.2 |55.7 |3.3
"D" 520/ 620 355 |57 1.2 "O" 550/ 620 350 546 |19
"O" 520/ 620 354.5 [56.7 |1 "D" 500/ 550 3414 {582 (2.8
(*) erasing steps 480°C @) "D" 520/ 620 (*) |346 [55.7 [1.2
"O" 520/ 620 (*) |346.7 {555 |1
, v (*) erasing step 550°C (e)
Sample 02A _ | - |
Steps ~ |Dec |Inc [MAD Sample 10A
"D" 550/ 620 . 3493 563 (1.2 Steps - |Dec |Inc MAD}
"Q" 550/ 620 349.2 |559 0.8 "D" 520/ 595 350.2 |58.1 |14 |
"D" 500/ 580 3445 {583 ]1.6 "O" 520/ 595 350.6 |57.3 |1.1
D" 500/ 620 344.7-158.1 |14 "D" 460/ 595 (*) [349.2 |57.7 |0.9
"O" 500/ 620 - 3452 577 |12 "O" 460/ 595 (*) |349.7 |57.3 (0.7
(*) erasing step 500°C ' ® (*) erasing step 500°C ®
Sample 12A :
Sample 04A - |Steps Dec {Inc [MAD
Steps Dec |Inc |[MAD} |"D"550/610 351.3 {579 (0.7
"D" 565/ 620 354.2 [56.9 |0.9 "O" 550/ 610 - 351.1 |57 0.7
"O" 565/ 620 3533 |56.2 0.8 "D" 480/ 550 344 |58 34
"D" 520/ 620 353.5 1576 0.9 4"D" 480/ 610 (*) |346.9 |58.1 |14
"O" 520/ 620 3535 |57.2 |08 "O" 480/ 610 (*) [347.6 |57.7 |09
"D" 440/ 620 (*) {353.9 |57.1 |08 (*) erasing step 550°C ®
"O" 440/ 620 (*) |353.9 |57 0.6 - '
(*) erasing step 500°C © Sample 13A -
Steps Dec. |Inc. [MADJ}
"D" 580/ 610 - 351.8 |46.5 |29
"O" 580/ 610 " 1350.5 {49.2 |25
"D" 535/ 580 343.7 |57.5 |24
Sample G6A : "D" 535/ 610 3453 |56 2.4
Steps. Dec |Inc |MAD] ["O"535/610 346.1 {551 |17
"D" 520/ 620 353.2 {57.2 0.7 "D" 550/ 610 (*) |347.1 |56.3 |1.4-
"O" 520/ 620 3524 |569 |08 "O" 550/ 610 (*) {347 |55.8 |1
© (*) erasing step 580°C )

Tab. 5.21 - Site V42: Directional resnits calculated using principal component
analysis (Kirschvink, 1980).
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AD 1839 site V43
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Fig. 5.51 - Site V43: Zijderveld diagrams and Intensity plots.
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AD 1839 site V43
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Fig. 5.52 - Site V43: Zijderveld diagrams and Intensity plots.
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AD 1839 site V43
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Fig. 5.53 - Site V43: Zijderveld diagrams and Intensity plots.
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- AD 1839 site V43

le 01B

Sam ' : Sample 07A
Steps Dec |Inc |MAD] [Steps Dec |Inc |MAD
"D" 550/ 620 3473 |56.1 |1.5 "D" 550/ 620 1349 |56.1 |18
*Q" 550/ 620 346.6 156.2 |09 "O" 550/ 620 3476 {56.6 |l1.1
"D" 500/ 550 344 535 |25 "D" 500/ 620 (*) |347.5 |56.8 0.6
D" 500/ 620 3448 |549 |14 "O" 500/ 620.(*) |347.3 [569 |0.5
"Q" 500/ 620 3451 |553 0.9 (*) erasing step 535°C ©

@ | |

Sample 03A . Sample 08A
Steps Dec |{Inc |MAD] |Steps |Dec - {Inc
"D" 580/ 620 3515 {60.6 |24 "D" 580/ 620 3496 1545 §2.1
"O" 580/ 620 3506 |594 |19 "O" 580/ 620 3475 [543 |13
"D" 520/ 580 346.1 {56.8 [1.9 "D" 500/ 620 345.3 |55.9 |1.1
"D" 520/ 620 (*) [346.9 |57.7 |1.3 "O" 500/ 620 3454 {558 0.8
"0" 520/ 620 (*) |3472 |576 |08 ® |
(*) erasing step 580°C ®)

‘Sample 04A ~ Sample 09B
Steps Dec |Inc |MAD] [Steps - |Dec |Inc |MADJ]
"D" 500/ 610 3499 532 |13 "D" 580/ 620 3504 154.7 |1.3
"0" 500/ 610 349.5 {54 1.1 "O" 580/ 620 -1348.2 {55 1
D" 550/ 610 348 |56 2.1 "D" 500/ 620 (*) |348.4 |55.9 ]0.7
"O" 550/ 610 3482 {559 {1 "O" 500/ 620 (*) |348.2 |55.8 |0.5
© '(*) erasing steps 535,575°C ®

Sample 06A
Steps Dec |Inc |[MAD
"D" 550/ 620 3486 |558 [2.2 | Sample 12A
"O" 550/ 620 3485 [s6 |13 | [Steps |Dec |Inc  |MADJ]
"D" 500/ 620 (*) [349.7 |56.5 |1 "D" 520/ 620 345.6 |58.9 |1
"O" 500/ 620 (*) [349.4 |564 0.7 "O" 520/ 620 3455 |58.5 0.8
(*) erasing step 535°C @ (*) erasing step 580°C ()

Tab. 5.22 - Site V43: Directional results calculated using principal component
analysis (Kirschvink, 1980).
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Fig. 5.54 - Site V44: Zijderveld diagrams and Intensity plots.
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AD 1839 site V44
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Fig. 5.55 - Site V44: Zijderveld diagrams and Intensity plots.
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AD 1839 site V44
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Fig. 5.56 - Site V44: Zijderveld diagrams and Intensity plots.
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AD 1839 site V44

Sample 01A

Sample 08A

Steps Dec |Inc |[MAD]| |Steps Dec |Inc |MAD]
"D" 500/ 565  }348.7 |39.7 |35 "D" 460/ 520 340.1 156.1 j4
"D" 150/ 480 3448 i61.1 |44 "D" 360/ 520 (*) {340.7 [60.9 [2.6
"D" 250/ 480 (*) [348.6 [61.8 |3.1 (*) erasing steps 390,440°C ©
(*) erasing steps 300,330,360°C @)
(*) erasing steps ,420,440°C

Sample 03A Sample 09A
Steps Dec |jInc |MAD Steps |Dec |Inc |MAD]
"D" 480/ 565 3463 |493 |34 "D" 420/ 565 3434 {578 |12
"D" 20/ 460 3484 |584 |48 "D" 390/ 520 (*) {344.2 |59.6 |1.1
"D" 250/ 440 (*) {3463 |57.9 |2.6 (*) erasing step 420°C ®
(*) erasing steps 360,420°C ®)

Sample 04B . Sample 11A
Steps : Dec |Inc |MAD Steps Dec |Inc |MAD}
"D" 480/ 565 3479 1594 |25 D" 520/620 - |351.3 |63.7 ]0.5
D" 480/ 550 347.5 |60.3 |2.1 "0O" 520/620 (*) ]350.7 {63.7 |0.5
"D" 250/ 480 3479 (62.1 |25 (6:4) '
"D" 420/ 550 3445 1624 {13 '
©

Sample 07A Sample 12A _
Steps Dec |Inc |MAD] |[Steps Dec |{Inc |MAD]
D" 100/ 520 350.2 |58.3 2.7 "O" 440/ 565 (*) |345.1 |58.7 |1.9
@ ' (*) erasing step 480, 550°C M)

Tab. 5.23 - Site V44: Directional results calculated using pnncxpal oomponent
analysis (Kirschvink, 1980).
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Chapter VI

THELLIER PALAEOINTENSITY PROPERTIES

6.1 - Introduction

In this chapter all the results o&dned from the MTT experiment (section 3.4a) will be
analysed and described using .Zijderveld diagrams, Intensity plots and stereographic
projections. |

Intensity - A complete description of its general behaviour throughout the experiments
will be given together with the initial and final NRM values. Anomalies and significant
Tuw will also be pointed out. ' | |

Directions - Both vertical and horizontal components will be peculiarlyv analysed,
pointing out break points and anomalies.

Palaeoi’nten&ily results — As described in section 3.4, tests for magnetic alteration
during experiments are normally carried out in Thellier-type methods and pTRM checks
are used b’-to identify the temperature at which alteration starts. Fmtixermore comparisons
be@&n the intensity and direction obtained from the ﬁrst thermal demagrxetizaﬁon at Tj
and those obtained from the second, again at Tj, can be useful to che_ck for MD
remanence or CRM growth. For this study (see the stringent experimental procedure_
adopted described in section 3.435 pTRM checks have been performed for each
temperature steps used. Because of the large number of information obtained from steps
C and D of the MTT experiment (respectively demagz and f)TRMck) and because of the
diﬁiculty of display all of them in a conventional NRM/TRM plot, a different way to use
and display the pTRM checks will be adopted. Steps C and D will be used to get anothef
estimate of the palaeofield while, taken singularly, they will still give information about
the onset of the alteration and on the preéence of MD or CRM remhneﬁce. In other wérds
the pTRM checks data will be also used to calculate a “backup” field intensity. The
paiaeoﬁeld value 6bta.ined from the first two steps of the MTT experiment (A-demagl
and B—pTrm) will be considered as principal value. It will be used as a guide when
‘detecting the palaeofield ‘from the other two steps | (C-demagl and D-pTRmck),
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especially when more then one slope is présent. However all the pqssible slopes will be
reported in a table with the relative temperature ranges and statistical parameters. Any
anomalous point on the NRM/TRM plots will be excluded from the computation of the
palaeointensity, provided Vthat they also appear to be clearly irregular on the NRM
demagnetization and TRM acquisition curves. The ﬁrst two steps of the MTT experiment

will be referred to as MTT (A-B) while the other two will be MTT (C-D).

6.2-AD 79-AD 1631
6.2.1 - Site V30
A-Demaglrl

Intensity Behaviour - Sample 8 had an initial NRM of 2660 mA/m but, by 595 °C,
was not completely demagnetized (Fig. 6.1). It showed a smooth decrease in intensity all
over the spectra, with no tail at the end, and some 10% of the original remanence still
remained. Some small irregularities occurred around 500 and 565°C. |

Directional Behaviour - Both vertical and hofizontal components ﬁoved towards the
origin (although they did not reach it), with.a very linear trend especially above 360°C.
Minor anomalies occurred around 300°C (Fig. 6.1). |

B-pTRM ,

Intensity Behaviour - ’fhe sample showed a linear decrease ﬁom 2600 to 1780 mA/m
(500°C), with a small deflection at 300°C. From 500 to 595°C it showed a zigzag
behaviour without any significant increase or decrease in intensity. At the end of the
process the intensity was 1750 mA/m (Fig. 6.1).

Directional Behaviour- The verticél component moved gra_dﬁa]ly downwards from
the NRM direction startiﬁg from the first steps. The horizontal component shmﬁed an
unclear linear trend towards the origin. The stereo plot showed an unmistakabie gradual
movement of the Inc toward 90° as a consequence of gradually removing the NRM and

- progressively applying a TRM along the z-axis (Fig. 6.1).
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Palaeointensity results from A-B - The NRM/TRM plot showed a unique slope
(Fig.6.2a) therefore one possible value of the palaeofield was determined (Tab.. 6.1).
Both NRM demagnetization and TRM acquisition curves (Figs 6.2b,c) did not show any
particular irregularities.

C-Demag2

Intensity Behaviour - In this second demagnetization the sample behaved almost
exactly the same as in Demagl. It showed an initial NRM of 2660 mA/m and by 595°C
it was not completeiy demagnetized; a smooth decrease in intensity all over the spectra,
with no tail at the end; some 10% of the original remanence still remained. A small but
clear irregularity occurred at 565°C (Fig. 6.3a).

Directional Behaviour - Both vertical and horizontal components behaved as in
Demagl. Only the vertical component showed »a significant deflection downward at
565;’C. The stereo plot underlined the same irregularity with a clear movement of Inc
toward 90° (Fig. 6.3a).

D-pTRMck

Intensity Behaviour - The initial intensity was 2560 mA/m at 100°C. There was a
steep decrease from this temperature to 150° followed by a very shallow oﬁe until 300°.
From this point, to 500°C, the behaviour was the same as in the.pTRM. A clear increase
occurred between 520 and 550° followed by a decrease until 580°C. The final intensity -
was 1650 mA/m (Fig. 6.3b).

Directional Behaviour - Vertical and horizontal components shovyed an unclear trend
mﬂ 520°C when a significant deflection, towards the North, occurred. This was followed
by a random bebaviour. In general both components moved downward and westward,
respectively. The stereo plot showed, as expected, a gradual movement of Inc toward 90°
but also a clear deflection of Dec at 520°C (Fig. 6.3b).

Palaeointensity results from C-D - The NRM/TRM plot showed a slightly concave cufve
(Fig. 6.4a). Two different slopes were considered (Tab. 6.2) plus another one excluding two
points which appeared anomalous on both NRM and TRM curves (Fig. 6.4b,c).
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Fig. 6.1 - Site V30: Zijderveld diagrams, Intensity and stereo plots.
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Fig. 6.2 - Site V30: a)NRMITRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.1 - Site V30: Palacofields estimated and statistical parameters

153

V308 | NRW TRM
steps (AJm) (A/m)
20 2.662 0.000
100 5628 0.000 MTT (A-B) - AD 79 -1631 - Sample V30.8
150 2.538 0.071 3.0
250 2217__| 0.305 -
300 1.978 0.553 25 ]
330 1.844 0.588
360 1.708 0.668 20 ]
"390 1.563 0.716 T
40 | 135 | 0769 | <
440 | 1270 | 0870 s '
480 1427 0.949 x
480 0.994 1.009 1.0 4
500 0.836 1.144
520 . 0.708 - 1.307 0.5 4
535 0.557 1.264
550 0.453 1.512 0.0 r . :
565 0.432 1.486 0.0 0.5 1.0 15 20
580 0327 | 1.49% TRM (Af/m)
595 0.278 1.549
sampfe | Temp (°C) N 1 g q b R? Fpalaeo (uT) “op
v308 | 150-595 17 0.849 0924 | 24607 ] -1574 | 0959 78.718 0.050
NRM - sample V30.8 " TRM - Sample V30.8
. 9.0 2.0
8.0 1 8.0 4
7.0 - 7.0 1
E 604 E 60
5 H
s 5.0 4 5 5.0
g 40 1 2 40
=
3.0 4 8 30
= 20 = 204 : _
10 . 1.0 4 AM 4.
o.o - - —_— o.o : T T L]
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Fig. 6.3 - Site V30: Zijderveld diagrams, Intensity and stereo plots.
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Fig. 6.4 - Site V30: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.2 - Site V30: Palacoficlds estimated and statistical parameters

1

55

MTr'__(ch"‘)
V308 NRM TRM
steps (A/m) (A/m) MTT (C-D) - AD 78 -1631 - Sample V30.8
20 0.000 0.000 25 ’
100 0.000 0.000
150 2.550 0.331
250 2220 0.295 20 1
300 . 2.010 0.440
330 1.810 0.505
360 1.680 0.582 £151
390 1540 | 0610 a) <
420 1.370 0.678 =
440 1.240 0.753 1.0
450 1.110 0.835
480 0.890 - 0.931
500 0.815 1.109 0.5 -
520 0.660 1.232
535 0.528 1.404
550 0439 1505 | 0.0 . v r . .
565 0.451 1.362 0.0 0.5 1.0 15 20 25 30
580 0.321 1.425 TRM (A/m)
595 0.000 0.000
sample| Temp (°C) N f g q | b R’ | Fpataeo (uT) Op
V30.8 { [a] 250 - 480 9 0.482 0.869 8.670 -2.092 0.882 104.619 0.101
fb] 440 - 580 .8 0.360 0.848 4.192 -1.175 | 0963 58.758 0.086
*“fe} 250 - 580 13 0.745 0913 14.401 -1.646 0.976 82.319 0.078
'exniutfnm-535,550‘ (empty diamonds) :
NRM - sample V30-8 TRM - Sample V30-8
8.0 9.0
8.0 8.0 -
7.0 1 7.0
;E" 6.0 - .80+
< 3
> 5.0 < 5.0
g 4.0 1 %. 40
3.0 - 30
5 g
2.0 1 £ 204 :
1.0 1.0 - M
0.0 v . *> 0.0 — — -
(] 200 400 600 800 0 200 400 600 800
Temperature (°C) Temperature (°C)
<) b)




6.2.2 - Site V36

A-Demagl

Intensity Behaviour- Sample 17 had an initial NRM of 7080 mA/m and, by 595°C, was
almost completely demagnetized (< 2%). The intensity decay had an accelerating
decrease with increasing temperaturé terminating with a very small tail. An anomalous
increase (about 1500 mA/m) occurred at 565°C (Fig. 6.5).

Directional Behaviour - The vertical component moved toward the origin with a very
linear trend but showed a significant deﬂection downwards at 565°C. The same
irregularity was clear in the stereo plot, which showed the Inc moving toward 90° at
565°C. The horizontal component showed a linear trend especially above 460°C, and
moved clearly toward the origin (Fig. 6.5).

B-pTRM

Intensity Behaviour - The sample had a decrease trend, from 7020 to 2340 mA/m

(535°C), very similar to that described in Demagl except for a clear deflection at 390°C.

From 535 to 595°C it showed a zigzag behaviour with very significant increases and
decre;lses in intensity (about 2600 mA/m). At the end of the process the intensify was
4220 mA/m (Fig. 6.5).

Directional Behaviour - The horizontal component showed a moderately linear trend
towards the origin but without reaching it. -'fhe vertical one moved drﬂost linearly
northwards until 520°C, except for an upward deflection at 390°C. ~ Another ﬁpward
deflection occurred at 535°C followed by a zigzag behaviour until the end of process.
The stereo plot showed the usual movement of the Inc toward 90° but with a _noticeable

jump at 520°C (Fig. 6.5).
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Pafaeointensity results from A-B - The NRM curve showed an anomalous behaviour
at 5.65°C (Fig. 6.6b) while the TRM one showed a zigzag trend ébove 520°C (Fig. 6.6¢).
Two distinct slopes were showed by the NRM/TRM plot (Fig. 6.6a) excluding two
clearly irregular points (Tab. 6.3). |

C-Demag2

Intensity & Directional Behaviour -In this second demagneﬁzaﬁom the sample
behaved in exactly the same way as in Demag] (Fig. 6.7).

D-pTRMck

Intensity Behaviour - The intensity decreased from 7030 to 2210 mA/m (500°C),
similarly to Demag], but with a small deflection at 300°C. From 500 to 550°C it shoWéd A
a significant increase (about 2600 mA/m) followed by a small decrease until 580°C. The
final intensity was 4030 mA/m (Fig. 6.7).

Directional Behaviour - The horizontal component showed a linear trend towards the
origin but without reach it. The vertical one moved almoét linearly northwards until
480°C when a significant upward deflection occurred. After this point it moved
downward until 550°C. The stereo plot showed an irregular movement éf the Inc toward
90° (Fig. 6.7).

| Paléeointensizy results from D-C - Some points above 520°C which appeared irregular
in all the curves (Fig. 6.8a,b,c) were not considered. The NRM/TRM plot showed a very

unreadable behaviour and several possibles slopes were considered (Tab. 6.4).
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'Fig. 6.5 - Site V36: Zijderveld diagrams, Intensity and stereo plots.
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WTT (A )
V36.17 NRM TRM
steps (Am) | (Akm) 'MTT (AB) - AD 79 -1631 - Sample V38.17
20 7.080 | 0.000 8.0
100 7.000 - | 0.000
150 6970 |0130]. 7.0 4
250 8690 | 0.311 .
300 6520 | 0.388 6.0 1
330 6.310 ] 0.399 504
360 5980 | 0.400 £ ]
390 5650 [0500] a | 240
420 5290 | 0615 -
440 4.950 0.687 T30
450 4610 | 1.017
480 4.060 0.838 20 1
~500 3570 | 1.110 10,
520 2.780 | 1556 .
535 1.760. | 0.831 00 ‘ , 3
5522 gg 3372 0.0 1.0 20 30 40 50
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Fig. 6.6 - Site V36: a)NRM/TRM plot and respective valnes, b)NRM demagnetization and

¢)TRM acquisition curves.

Tab. 6.3 - Site V36: Palacofields estimated and statistical parameters
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Fig. 6.3 - Site V36: Zijderveld diagrams, Intensity and stereo plots.
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[ACE)

Fig. 6.8 - Site V36: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.4 - Site V36: Palacofields estimated and statistical parameters

161

V36.17 NRM TRM
steps (Arm) (Alm) MTT (D-C) - AD 79 -1631 - Sample V38.17
20 0.000 0.000 8.0 — :
100 0.000 0.000 '
150 7.020 0.389 7.0 |
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300 6.430 0.266 6.0
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a) <
420 5.170 0.456 =40
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480 3.960 0.881
500 3.190 1.458 20 1
520 2570 1424
535 1.580 2595 101
550 - 0.884 3.885 oo
gg‘) %ﬁg ;314 0.0 10 20 . 40 50
595 0.000 0.000 TRM (Aim)
sample | Temp (°C) N ! g q b R* | Fpalseo(uT) | op
V36.17 |*[a] 420-535] 6 0510 | 0.714 | 4.409 | -1.682| 0982 84.088 0.139
b} 250-520 | 11 D573 | 0.881 | 5104 | -3.185| 0975 150.227 0.315
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6.2.3 - Site V37

A-Demagl

Intensity Behaviour - Initial NRM for the sample 9B was 6330 mA/m and, by 595°C,
had been demagnetized almost completely. It showed an accelerating decrease in
intensity with increasing temperature starting from 150-250°C and terminating with a
small tail (Fig. 6.9). A clear increase occurred at 565°C (about 1600-mA/m).

Directional Behaviour - Both vertical and horizontal components mov‘ed towards the
origin with a very linear trend especially above 390°C. The vertical component showed a
single downward marked excursion at 565°, followed the previous trend (Fig. 6.9).

B-pTRM

Intensfty Behaviour - The decreasing trend, from 6330 to 1330 1ﬁA/m (535°C), was
similar to Demagl, except for a more linear decay between 150 and 330°C. From‘ 535 to
595°C the intensity showed alternated significant increases and. decreases (about 2300 .
mA/m). When the process ended, the intensity was 2620 mA/m (Fig. 6.9).

Directional Behaviour - The horizontal component moved toward the origin with a
linear trend, but at 565 and 580°C it showed a small deflection northward. The vertical
component moved gradué.lly away from the NRM direction until 565° when a marked
spike occurred. The same anomaly was underlined by the stereo plot (Fig. 6.9).

Palaeointensity results fro)_n A-B - In the NRM/TRM plot some clear ix’regula.r‘ points
above 535°C, which alsé appeared in both NRM and TRM curves, were excluded (Fig.
6.10a,b,c). The different estimates of the palaeofield were consideréd (Tab. 6.5).

C-Demag2
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Intensity & Directional Behaviour - This second demagnetization showed the same
behaviour as in Demag]l, but the gpike at 565°C had a more significant North direction
contribution (Fig. 6.11).

D-pTRMck |

Intensity Behaviour - From 6300 to 2370 mA/m (500°C) the decreasing trend was |
51m11ar to Demagl, except for a marked decrease at 460°C. From 500 to' 550°C the
intensity showed an increasé followed by a small decrease until 595°C. At the end the
intensity was 2760 mA/m (Fig. 6.11).

Directional Behaviour - The horizontal component moved toward the origin with a
lineér trend until 500°C. After this it started to move northwards with a small deflection at
550°C. "fhé vertical component moved gradually away frém the NRM direction until 460°
when a marked upwards spike occurred (Fig. 6.11).

Palaeointensity results from D-C - As in MTT A-B, two slopes were defined (Fig.
6.12a), but some points, which were considered irregular on the TRM éurve, were

excluded (Tab. 6.6).

6.2.4 - Site V27

A-Demagl

Intensity Behaviour - Sample 11 had an initial NRM around 6220 mA/m and, -by
595°C, had been demagnetized almost completely (< 5 remained), with a ﬁnal steep decay
above 535°C (Fig. 6.13). It. showed a marked decrease at 100°C (about 1500 mA/m) |
followed by a smooth decrease until 535°C with two clear breaks at 400 and 480°C.

D;'rectional Behaviour - Both vertical aﬁd horizontal components moved towards the

origin with a very linear trend especially above 460°C (Fig. 6.13).
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B-pTRM

Intensity Behaviour - This showed a curving decay ,fro#n 100 (4790 niA/m) to 440°C
with a little deflection at 250°. Two clear breaks occurred at 440 and 535 C° both
followed by a small increase and then an accelerating decrease in intensity. When fhe
process ended, the intensity was 2580 mA/m (Fig. 6.13).

Directional Béhav_iour - The vertical component moved gradually away from the
NRM direction while the horizontal one moved toward the origin with a very linear trend.
On the stereo plot the Dec was constant, while the Iﬁc moﬂled toward 90°, as e)gpected
(Fig. 6.13).

Palaeoiﬁten.sit;v results from A-B - The NRM/TRM plot showed a ;:oﬁcave curve (Fig.
6.14a). Two different slopes were considered (Tab. 6.7) plus another one excluding
points which appeared anomalous also on the TRM curves (Fig. 6.14c).

C-Demag?2 |

Intensity Behaviour - It showed an accelerating decrease from 150°C (4670 mA/m)
with a clear break in the trend at 480°C. At the end it-showed a little concave tail and at
595° there was some 9% of NRM still remaining (Fig. 6.15).

Directional Behaviour - The sample behaved exactly in the same way as in Demagl
(Fig. 6.15). | |

D-pTRMck

Intensity Beer- It behaved éimilarly as in B-pTRM showing a cqwing decay from
100° (4730 mA/m) to 500°C with the same deflection at 250°, but with two smaller
deflections at 390 and 440°C (Fig. 6.15). From 500 to 595°C the intensity was almost

constant (2500 mA/m).
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Directjonal Behaviour - Both the horizontal and the vertical components behaved as in
B-pTRM (Fig. 6.15). |

Palaeointensity results from C-D - The NRM/TRM plot showed a more linear.
behaviour curve then in MTT A-B (Fig. 6.16a). However two different ‘slopes »were

considered (Tab. 6.8) plus another 6ne considering the entire range of temperature.

6.2.5 - Site V33

A-Demagi

Intensity Behaviour - Sample 9 had an initial NRM of 1630 mA/m and, by 595°C, was
demagnetized almost completely. It showed a quite linear decrease in intensity all over the
spectra but there wefe two clear deflections at 3OQ° and 460°C. A significant increase
(about 250 mA/m) occurred at 565°C (Fig. 6.17). |

Directional Behaviour - The horizontal component showed a marked zigzag trend
with clear breaks at 250, 360 and 460°C; but in general it moved toward the origin. Tﬁe
vertical component showed an almost linear trend throughout the entire spectra of
temperatures with a small irregularity at 460°. A significant irregularity occurred at
565°C when the total vector moved toward a downward dirgction (Fig. 6.17). |

B-pTRM

Intensity Behaviour- It showed a hyperbolic increase all over the spectra starting ﬁ’pfn
i450mA/;n (150°C) to 5880 mA/m (595°C). A small peak occurred at 300°C (Fig. 6.17).

Directional Behaviour - The horizbntﬂ component moved toward the origin with a
similar trend as inADem.agl, while the vertical one moved rapidly away ﬁ'om the NRM
direction, toward a clear downward direction. The stgreo plot showed the usual behaviour

(Fig. 6.17).
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Palaeointensity fesults Jfrom A-B - The NRM/TRM plot showed two very distinct
slopes (Fig. 6.18a). Two points -(Tab. 6.9) which appeared anomalous on both NRM and
TRM curves (Fig. 6.18b,c) were excluded.

C-Demag2

Intensity Behaviour - The initial NRM (150°C) was- 1360 mA/m and, by 595°C, was
demagnetized completely. It showed a quite linear decrease, as in demagl, but with a
deflection at 480°C. A marked increase (about 600 mA/m) occurred at 565°C (Fig. 6.19).

Directional Behaviour - Both the horizontal and vertical components behaved as in
Demagl. The same irregularity occurred at 565°C, §Vhen the vertical vector moved
toward a dov;rnward direction, but was much more marked (Fig. 6.19). |

D-pTRMck - Intensity & Directional Behaviou(s |

They were exactly the same as in pTRM (Fig. 6.19). The initial NRM was 1390 mA/m
(100°C) and, at the end (580°C), it was 6140 mA/m.

Palaeointensity results from C-D - As in MTT A-B value at 565°C were not

considered and in the same way two slopes were defined (Fig. 6.20, Tab. 6.10).

6.2.6 - Site V26

A-Demégl

Intensity Behaviour - Sample 11A had an initial NRM of 2570 mA/m and, by 550°C,
was demagnetized almost completely. It showed a quite linear decrease in iﬁtensity uﬁtil .
460°C with a small convex deflection between 250 and 400°C. At 480° a significant
increase in intensity occurred, followed by a steep linear decay, until 550° terminating
with a small tail at 595° (Fig. 6.21).

Directional Behaviour - The horizontal component showed an almost linear trend
throughout the entire spectra of temperatures with just two small irregularities at 3.90 and

166



480°C. The vertical component showed at least three different directions; between 100
and 330°C, 360 and 460°C and 480 and 595°C. A significant irregularity occurred at
-480°C when the total vector moved toward a downward direction (Fig. 6.21).

B-pTRM

Intensity Behaviour - The sample showed a linear decrease from 2045 to 1180 mA/m |
(420°C), from which it increased until 500°C. This was followed by a rapid increase to
the end of the process (595°C) when it was 8180 mA/m (Fig. 6.21).

Directional Behaviour - The vertical and horizontal 'components moved downward
and westward especially from 420°C. This behaviour was particularly clear for the
vertical compdnent. The stereo plot showed the usual gradual movement of the Inc
toward 90° (Fig. 6.21). |

Palaeointensity results from A-B - The NRM/TRM plot sho§ved a clear concave curve
(Fig. 6.22a) and two slopes were defined up to 535°C. Points above this temperature,
‘which showed anomalous high values on the TRM plot (Fig. 6.22c), were not considered
(Tab. 6.11). | |

' C-Dernag? - _

Intensity Behaviour - In this second demagnetization, started at 150°C, the NRM was
1840 mA/m and; by 550°C, was demagnetized almost completely. | The intensity decay
showed a slightly convex curve bétween 300 and 440°C. A significant increase occurred
at 480°, followed by a steep linear decay, until 550°, te@@g with a small tail at 595°
(Fig. 6.23). At 250-300°C the two steps showed the éame value of intensity; probably
due to an experimental error.

Directional Behaviour - The horizontal component showed an almost linear trend -
throughout the entire spectra. The vertical component showed an unclear trend until

390°C followed by three different directions. The first one was between 390 and 440°C,
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the second one was between 440 and 480°C and moved clearly toward a downward
direction. The third one was between 480 and 595°C, and moved toward the-on'gin. The
stefeo plot showed a gbod consistency in Dec until 535°C while the Inc had a gradual
movement toward 90° especially starting from 420°C (Fig. 6.23)

D-pTRMck .‘

Intensity Behaviour - There was a shallow linear decrease from 1790 to 1140 mA/m
(360°C), from which it increased slowly until 500°C. This was followed by a rapid
| increase to the end of the process (595°C) where it was 8350 mA/m. A small .convex
deflection occurred between 440 and 500° (Fig.6.23). |

Directional Behaviour - The vertical component moved clearly towards the downward ‘V
direction especially starting from 500°C. The horizontal one moved toward the origin but
above 53 5°C, it showed a small movement towards the West. | The stereo plot showed, as
expected, a gradual movement of the Inclinatién toward 90° (Fig. 6.23).

Palaeointensity results from C-D - The NRM/TRM plot showed two distinct slopes
(Fig. 6.24a). Altﬁough the TRM curve behaved as in MTT A-B (Fig. 6.24c) the
anomalous high values were coﬁsidered, but the palé.eoﬁéld estimate obtained wés

unacceptable (Tab. 6.12).

6.2.7 - Site V31

A-Demagl1

Intensity Behaviour - Initial NRM for sampie 2 was 5980 mA/m (Fig. 6.25) and, at
595°C, there was some 5% still remaining. It showed an accelerating decrease in intensity

with increasing temperature starting from 150-250°C and terminating with a small
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concave tail. A xﬁarked spike occurred at 565°C when the intensity increased of about
600 mA/m.

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a very linear trend. The vertical component showed a single downward
marked excursion a£ 565°. The stereo plot showed a slight movement of Inc toward 90°
above 550°C (Fig. 6.25).

B-pTRM |

Intensity Beer - The decreasing trend, from 6190 to 2330 mA/m (535°C), was
quite similar to Demagl, except for a very small increase at 500°C. Between 535 and
565°C the intensity showed a significant increase (about 3200 mA/m).v This was followed . :
by a minor linear decrease and, at the end of the brocéss the, intensity was 4450 mA/m
(Fig. 6.25)'.

Directional Behaviour - The horizontal component ‘_moved toward the origin with a
linear trend, but without reaching it. The vertical component moved gradually away from |
‘the NRM (direction until 535°, when a marked downward spike occurred. The same = .
béhaviour was underlined by the stereo plot (Fig. 6.25).- |

Palaeointensity results from A-B - The NRM/TRM plot showed a very linear freﬁd
until 520°C when points started to behave almost randomly (Fig. 6.26a). A second slope
were considered (Tab. 6.13) excluding two points which appeared mo@ous on both
NRM and TRM curves (Fig. 6.26b,c¢). |

C-Derﬁagz

Intensity & Directional Behaviour - In this second demagnetization‘ the Behaviouré
were exactly the same as in Demag] (Fig. 6.27).

D-pTRMck
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.Intensity Behaviour - The initial intensity was 6200 mA/m (100°C) and decreased with
a shallow linear trend until 300°C. Between 300 and 520°C it showed a steeper linear
decrease with a small break at 390°C. From 520 to 550°C the intensity showed a marked
increase (about 1500 mA/m) followed by a decrease until 595°C. The final intensity was
4620 mA/m (Fig. 6.27). |

Directional Behaviour - It was very similar to that one showed in pTRM (Fig. 6.27).

Palaeointensit}.f results from D-C - Both NRM and TRM»b_ehaved as in MTT A-B

(Fig. 6.28b,c). Two possible values of the palaeofield were estimated (Tab. 6.14).
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Fig. 6.9 - Site V37: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B) - AD 79 -1631 - Sample V37.8b

[ MT1 (A-B)
V37.9b NRM TRM |
(A/m) (Aim)
6.330 0.000
" 6.280 0.000 {. 10
8.210 0.309
5;210 o 274 5.0 -
5.770 0.303
5.540 0.299

5.230 0.340

4.970 0544 1 a)

4570 | 0.601.

4.150 0.640

&

steps

20

100
150
250
300
330
380
390
420
440
460
480
500
520
535
S50
565
580
595

3.650 - 0.814
3.020 0.801
2.460 1.023
1.660 1.611
0.965 0.416
0.645 2.811 N ) ' . '
5410 5557 0.0 0.5 1.0 15 20 25 3.0
0.326 0.554 TRM (Alm)
- 0.204 2.801
sample | T range (9 N r | g q b R* Fpataeo (uT) | oy .
V37.8b | 150-520 12 0.719 0.891 6.609 | -3.703{ 0.359 185.168 0.359
*480 - 595 5 -0.445 0.725 3.063 | -1.239 | 0.967 61.956 0.131
*excluding 535,565,580
NRM - sample V37.9b TRM - Sample V37.9b
9.0 2.0 ~
8.0 4 8.0 -
7.0 7.0
6.0 6.0 -
5.0 50
4.0 40
304" 3.0
2.0 1 20 4
1.0 1 1.0
0.0 0.0 Y — .
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Fig. 6.10 - Site V37: s)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.5 - Site V37: Palacofields esumated and statistical parameters
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Fig. 6.11 - Site V37: Zijderveld diagrams, Intensity and stereo plots.
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Fig. 6.12 - Site V37: a)NRM/TRM plot and respective valnm, b)NRM dcmagnet:zahon and
¢)TRM acquisition curves.
Tab. 6.6 - Site V37: Palacofields estimated and statistical parameters
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MTT (C-D)
V37.9b NRM TRM
steps (A/m) (AJm) : ‘ '
20 0.000 0.000 MTT (C-D) - AD 79 -1631 - Sample V37.8b
100 0.000 0.000 1.0 :
150 6.310 0.464
250 5810 0.133 6.0 -
300 - 5.630 0.176 -
330 - 5510 0.166 5.0
360 5.220 0.506 _
380 4.910 0.563 5 4.0
420 4.480 0.338 a) g
440 4040 | 0457 30
460 3.530 1.272
480 2.980 0.632 2.0
500 2480 0.803
520 1.480 1.315 1.0
535 0.841 '2.380
550 0.657 2750 00 : i ,
565 2.530 0.491 0.0 0.5 10 15 20 25 3.0
580 0282 | 2560 TR (Vm)
585 | 0.000 0.000 .
sample | Temp(C) | W f P) q | b | R® | Fpalkeo(uD) | o,
V37.8b | *250-520 8 0688 | 0.804 5837 -3.871 0.947 193.545 0.366
*+*480 - 580 | 6 0.428 0748 | 2.203 ~1.171 0.917 58.528 0.170
*exciuding 360,380,460
**excluding 565
NRM - sample V37.9b TRM - sample V37.9b
2.0 2.0
8.0 8.0 -
’ 7.0 | 7.0 -
E 6o/ 6.0
< 3
Q 5.0 A \ 3 5.0 4
S 404 240 T
2 30; 2 30
= 8
20 £ 20
1.0 4 1.0 -
0.0 r T T v T 0.0 ’ r T r
0- 100 200 300 400 500 600 700 0 .100 200 300 400 500 600 700
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Fig. 6.13 - Site V27: Zijderveld diagrams, Intensity and stereo plots.
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. vwres ]
V27.11a NRM TRM
steps . (AJm) (A/m) )
~>5 T 620 1 0000 MTT (A-B) - AD 79 -1631 - Sample V27.11a
100 4.770 0.050 6.0
150 - 4.730 0.148
250 4.370 0.211
300 4.250. 0.315
330 4.180 0.278
360 4.050 0.318
390 3.800 | 0339
420 3.490 0.454 a)
440 3.190 0.488
460 2980 0.845
480 2.960 0.792
500 - 2.280 1.103
520 1.580 1.438
535 1.090 1.744
5§50 0.833 2018
585 0.704 '2.136 0.0 r T r v
580 0523 2.264 , 0.0 05 1.0 15 20 25
585 0318 | 2284 | : A TRM (Vm)
sample | Trange(®) | N 1 | g q b R° | Fpalaeo(uT)] o,
V27.11 -}[c] 100 - 595 17 0400 | 0.708 4.698 -1 841 | 0978 97.048 0.117
[e]100-440} 9 | 0254 | 08338 | 2123 | -3753| 0932 | 187634 | 0.374
[b] 390 - 585 12 0.560 | 0.870 13.796 | -1.708 | 0.988 85.277 0.060
NRM - sample V27.11 ' " TRM - Sample V27.11
8.0 20
8.0 4 A 8.0
7.0 4 ] 7.0 4
E 60 ' E60
s 5 6.0
> 5.0 | <50
g 4.0 4 % 4.0 1
£ 30; \ é 3.0 -
: 2.0 - =204 ‘
1.0 § A 1.0 ‘
0.0 —_— 0.0 . . , .
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" b) ’ <)

Fig. 6.14 - Site V27: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.7 - Site V27: Palacofields estimated and statistical parameters
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Fig. 6.15 - Site V27: Zijderveld diagrams, Intensity and stereo plots.

177



MTT (C-D)
V2711 ] - NRM TRM
steps (A/m) (Alm) 5.0 MTT (D-C) - AD 79 -1631 - Sample V27.11
20 0.000 0.000 :330‘
100 0.000 0.000 45 4v
150 4.670 0.248 4°
250 4.380 0.119 40
300 4.310 0.221 354 s0r
330 4.220- 0.053
360 4.010 0.250 a 3 3.0 1
390 3.720 0.163 2,,.
420 3.400 0.391 5
440 3.180 0.548 Z 459
460 2830 0.623
480 2700 - 0613 1.5 1
500 2.150 0.635 0]
520 1.540 1.287 ’
535 1.140 1.614 " 0.5 -
550 | 0857 1.838
265 0.620 2,089 o.oo 0 0‘5 1.0 1‘:, z‘o 25
580 0.491 1.988 - ¥ - ) :
585 0.000 0.000
sample| Temp (°C) N f g q b R® Fpataeo (uT) o
V27.11 ] [b] S00-580 8 0.355 0.751 | 4074 | -1.202 0.983 60.089 0.079
) “fa] 250-480 7 0.360 0.777 | 2977 | -3.308 0.957 165.388 0.310
*“*[c] 250-580 12 0.833 0.849 | 12648} -1.967 0.969 88.375 0.110
* excluding 330,390 ’ ’ :
= exciuding 330,390,500
NRM - sample V27.11 TRM - Sample V27.11
9.0 . 9.0 -
8.0 4 8.0
7.0 7.0 4
£ 60 6.0 -
2 E.,.
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é 30 53.0
2.0 £
1.0
0.0 ;
0 700 ] 200 400 800 © 800
Temperature (°C)
b) )

Fig. 6.16 - Site V27: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.

Tab. 6.8 - Site V27: Palacoficlds estimated and statistical parameters
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Fig. 6.17 - Site V33: Zijderireld diagrams, Intensity and sterco plots. -

179



Fig. 6.18 - Site V33: 2)NRM/TRM plot and respective values, b))NRM demagnetlzatlon and
¢)TRM acquisition curves.
Tab. 6.9 - Site V33: Palacoficlds estimated and statistical parameters
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MTT (A-B)
V339 NRM TRM
steps {A/m) (A/m)
NRM 1.630 0.000 MTT (B-A) -AD79 -1631 - Samp!e V33.9
100 1.440 0.000 1.6
150 1330 | 0.271
250 0.839 0.747 1.4 1
300 0.800 1.313 12
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360 0.686 1.019 10 .
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420 0.424 1.227 206 | °
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460 0.342 1.734 %06 -
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V339 | *150420 6 0544 | 0717 | 10.167 | -0.913 | 0.994 45.661 0.035 |
** 420-580 9 0251 | 0.850 | 2126 | 0132 | 0.931 6.600 0.013
*exciuding 300°
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9-0 9.0 .
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- 7.0 4 7.0 4
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g 2
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Fig. 6.19 - Site V33: Zijderveld diagrams, Intensity and stereo plots.
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V339 NRM TRM |
=5 fmf . f)oog ‘ MTT (D-C) - AD 78 -1631 - Sample V33.9
100 0.000 0.000 1.6
150 1.360 0.394 il
250 0.978 0.597 “1e
300 0.944 0.775 12|
330 0.787 0.899
360 0.725 1.007 101
390 0.580 1.007 a £ .
420 - 0.480 1.045 S 081 565
440 0.468 1.273 -4 °
480 0.374 1.699 0.6
480 0.429 1.750
500 0.348 2355 0.4
520 0.248 2821 02 ]
535 0.140 3.657
550 0.116 4.395 o0 . ‘ . _ i .
g gggg - ;?:é 0.0 1.0 20 3.0 40 >5.0 6.0 7.0
535 0.000 | 0.000 TRH (A/m)
sample | Temp(C) | N 7 g q b R | Fpaiaeo (uT) | op
- V33.9 | 150420 7 0647 | 0.733 | 3.717 | -1.193 | 0.920 59.660 0.152
420-550 8 0268 | 0692 | 2397 | -0.121 | 0.985 6.034 0.009
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Fig. 6.20 - Site V33: a)NRM/TRM plot and respective values, b))NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.10 - Site V33: Palacofields estimated and statistical parameters
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Fig. 6.21 - Site V26: Zijderveld diagrams, Intensity and stereo plots.
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V26.11a | NRM | TRM _ '
steps {A/m) “(ANm) 20 MTT (A-B) - AD 79 -1631 - Sample V26.11a
20 2570 0.000 ’ J.
100 2040 . | 0.000 1.8
150 1.850 "0.145
250 1520 | 0.303 161
300 1420 | 0.310 14
330 1.310 0.439
350 1.210 0.509 a 1.2 4
390 1.060 0.614 :
420 0.913 . | 0.668 101
440 0.677 | 0.705 05 |
460 0.506 0910
480 0.654 1.198 0.6 -
500 0471 | 1.809
520 | 0277 | 2166 041
535 0.163__| 2899 024 ¢
- 550 0.044 4.432
565 0.038 | 5982 0.0 — - ® & o
580 0.014 7313 0.0 20 40 6.0 80 - 10.0
585 0.011 8.180
sample |[Temp.(°C){ N t g q b R° |Fpalaeo (uT)| o,
V26.11a | 150- 460 9 0.523 0.851 6.727 | -1.774 | 0.970. 88.897 0.117
480 -535 4 0.191 0.651 0.799 | -0.305 | 0.952 15.233 0.047
NRM - sample V26.11a TRM - Sample V26.11a
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8.0 8.0
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Fig. 6.22 - Site V26: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.11 - Site V26: Palacoficlds estimnated and statistical parameters
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Fig. 6.23 - Site V26: Zijderveld diagrams, Intensity and stereo plots.
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Fig. 6.24 - Site V26: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.12 - Site V26: Palaeoﬁelds estimated and statistical pmetzrs
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M1 (CD) _ |
V26.11a NRM TRM o
steps | (Alm) | (Am) MTT(C-D) - AD 79 -1631 - Sample V26.11a
20 0.000 0.000 20
100 0000 | 0.000 8]0
150 1.840 0.542
250 1.410 0551 } 1.6
300 1.410 | 0493 14
330 1.260 0.505
360 1.180 0.596 1.2 1
390 1040 | 1001 2) 10
420 0.878 1.206 -
440 0.673 1.397 . 0.8 4
460 0.653 1527 | 056 -
480 0703 | 1483
500 0523 | 1.854 0.4 4
520 0342 | 3489 } 02 ]
535 0284 | 5618 _
550 0.049 | 7.851 0.0 -
565 0.016 8.336 : 0.0 10.0
580 0.012 7.842
595 0.000 0.000
sample |[Temp(°C)! N f g g b R° | Fpalaeo(uT)| ob
V26.11a | 250-500 10 0.482 0.807 . 5.279 -0.660 0.857 32.994 "~ 0.049
500-565 | 5 0.275 0.626 1.533 -0.076 0. 961 3815 0.008
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AD 79-1631 sample V31.2

A—-—Demagl
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Fig. 6.25 - Site V31: Zijderveld diagrams, Intensity and stereo plots.
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V31.2 NRM TRM
steps (Am) (Afm) MTT (A-B) - AD 79 -1631 - Sample V31.2
20 0.000 0.000 790
100- 5.980 0.000
150 6.040 0.156
250 5.620 0.293
300 5.380 - 0.533
330 5.120 0.518
360 4780 0.562
380 4200 | 0807 | o
420 3720 0.887
440 | "3.180 1.053
460 2.820 1183
480 2.410 "1.283
500 2.020 1.433
520 1.580 1.949
535 -1.060 1.395
550 0.522 5.096 y j j
3 1140 2454 0.0 1.0 20 30 40 50 6.0
580 0.401 4.650 TRM (A/m)
595 0.293 4,194
sample | T range () N 1 g q b R° | Fpalaeo (uT) | o,
V31.2 150-500 . 11 0666 | 0.893 |14.006| -3.318 | 0.934 165.910 0.141
*480-580 = 5 0333 ] 0633 | 1483 | 0.486 | 0.904 24 314 0.068
'emluding 535,565° - i
NRM - Sample V31.2 TRM - Sample V31.2
8.0 9.0
8.0 1 - 8.0 A
7.0 70
€ 8o
2 5ol
z°
» 4.0
g
£ 207
20
1.0 1
0.0 —e—m — > . 0 - = , . .
0 100 200 300 400 500 600 700 0O 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
b) ©)

Fig. 6.26 - Site V31: ))NRM/TRM plot and respective values, b)NRM demagneuzatxon and
¢)TRM acquisition curves.
Tab. 6.13 - Site V31: Palacofields estimated and statistical parameters
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AD 79-1631 sample V31.2
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Fig. 6.27 - Site V31: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)

Fig. 6.28 - Site V31: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.14 - Site V31: Palaeoficlds estimated and statistical parameters
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V312 NRM TRM | ,
steps (Alm) _ (A/m) MTT (C-D} - AD 79 -1631 - Sample V31.2
20 0.000 0.000 7.0
100 0.000 0.000
150 6.120 0.635
250 5.580 0.359
300 5.310 0.155
330 5.070 0.440
360 4.690 0.768
390 4120 0.754 a)
420 3.660 . '0.631
440 - 3.110 0.797
460 2.750. 0.883
480 2.430 0.837
500 2.000 1.194
520 1.600 1.239 5500
535 0.920 3.076 °
550 0.627 5.075
565 1.870 3198 0.0 1 'o 20 310 4‘0 5lo 6.0
580 0.368 3862 o | 0 & : :
595 0.000 | 0.000 TRM (m)
sample | Temp (°C) N 1 g q b R* - Fpataeo (uT) ‘o
V31.2 150420 11 10850} 0.893 | 4.080 | 4.233 0.826 211.625 0.603
*480-580 ) 0334] 0739 | 1.615 | 0.612 0.931 30.579 0.093
* excluding 550,565
NRM - sample V31.2 - TRM - Sample V31.2
9.0 8.0 :
8.0 8.0 1
7.0 7.0 -
E 60 £ 6.0
=50 50
@ 40 240
[
E 3.0 4 5 3.0
26 £ 20
1.0 4 101
0.0 r . , v — 0.0 : . . . -
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
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6.3-AD 1697

6.3.1 - Site V28

A-Demagl »

Intensity Behaviour - Initial NRM for sample 3 was very high (10700) mA/m (Fig.
6.29) and, by 595°C, tl;ere was some 3% still remmmng It showed a marked decrease
(about 1700 mA/m) at 100°C followed -by ba more usual accelerating decrease with
increasing temperature, which terminated with a small concave tail (Fig. 6.29).

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a very linear trend (Fig. 6.29).

B-pTRM |

Intensity Behéviour - The decreasing trend, from 8370 to 4300 mA/m (535°C), was
identical to that one in Demagl. Between 535 and 595°C the intensity showed a very
small increase and, at the end of the process the, intensity was 4470 mA/m (Fig. 6.29); |

Directional Behaviour - The horizontal component moved toward the origin with a
linear trend while the vertical one moved northwards, gradually away from the NRM
dire;ction. The Inc behaved as usual, as shown by the stereo plot (Fig. 6.29).

Palaeointensity results from A-B - The NRM/TRM plot showed two slopes (Fig.
6.30a) ther_efore two different value of the palaeofield were determined (Tab. 6.15). Bot‘h.
NRM &emagnetization and TRM acquisition curves (Figs 6.30b,c) did not show any
particular irregularities.

C-Demag2

| Intensity & Directional Behaviour - In this second demagnetization the Behavioﬁrs
were exactly the same as in Demag!. The only difference was the NRM at 20°, which was

8210 mA/m. This value was much more consistent with the general trend showed during
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the first steps of demagnetization. This suggested that the high initial NRM showed in
Demagl was probably due to instrumental or experimental error (Fig. 6.31).
D-pTRMck |
- Intensity & Directionél Behaviours - The initial intensity was 8230 mA/m (100°C)
and, at the end of the process, was 4740 mA/m. The two behaviours were exactly the
same to those ones showed in pTRM (Fig. 6.3 l).
Palaeointensity results from C-D - The NRM/TRM plot showed two distinct slopes
(Fig. 63.2a). Two value of the palaeofield were determined (Tab. 6.16) although all points

below 390°C, Whic_h appeared anomalous, (Fig. 6.32b,c) were excluded.

6.3.2 - Site V29

A-Demagl

Intensity Behaviour - Initial NRM for the sample 6 was 6770 mA/m (Flg 6.33) and,'
with an accelerating decrease in intensity, by 595°C had been demagnetized almost
completely. It showed a very small deflection at 565°C.

Ereqtioml Behaviour - Both vertical and horizontal components moved tOWmds the
origin with a very linear trend especially above 360°C (Fig. 6.33).

B-pTRM | ( »

Intensity Behaviour - From 6380 (150°) to 2940 mA/m (535°C), it was similar to
Demagl, but the values were in general slightly higher. From this point the intensity
showed a small increase and at the ended it was 3680 mA/m (Fig. 6.33)

Directional Behaviour - The horizontal component moved toward the origin, with a

linear trend, until 520°C then it moved slightly northwards. The vertical component
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moved gmdﬁally av§ay from the NRM but above 520°C it behaved as the horizontal one.
The stereo plot showed this.anomaly (Fig. 6.33).
| Paldeoint‘em'ity results from A-B - The NRM/TRM plot showed a slightly concave

curve (Fig. 6.34a) and two diﬁ'erént slopes were considered (Tab. 6.17). The NRM curve
did not show any particular irregularities while ‘a small one were present ;t 520/535° in
‘the TRM curve (Fig, 6.34b,c).

C-Demag2

Intensity & Directional Behaviour - They were both similar as in Demag], but fhere
was a small spike at 565°C showed clearly by the intensity, the vertical vector and the
Inc behaviours (Fig. 6.35). |

D-pTRMck |

jmensizy Behaviour - From 100 (6760 mA/m) to 300°C it showed a shallow linear
decrease, then it was similar to Demagl until 480°C. Between.SOO and 550°C the
mten51ty had a small increase (about 500 mA/m). Above 550°C the mtensxty was
constant and at the end it was 3540 mA/m (Fig. 6.35).

Directional Behaviour - It was very similar to pTRM (Fig. 6.35).

Palaeointensity resul?s Jrom C-D - As in MTT A-B two different slopes were taken in
account (Fig. 6.36a, Tab. 6.18). Both the NRM and TRM curves showed irregularities

(Fig. 6.36b,c) which were not considered.
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AD 1697 sample V28.3

A-Demagl B-pTRM

Scale 2000 mA/m

Scale 1000 mA/m

Mmax = 8370 mA/m

M/ Mmet

[o]

8 Lower
A Upper

Core
Coordinates

Fig. 6.29 - Site V28: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)
V28.3 NRM TRM
steps (A/m) (Am) MTT (A-B) - AD 1697- Sample V28.3
20 10.700 0.000 0.0 :
100 8.310 0.112
150 8330 | 0355
250 7.950 0.131
300 7.840 0.238
330 7.680 0476 |
360 7.350 0231 |
390 7.090 0351 | ®
420 6840 | 0455 '
440 6.430 0.392
460 6.130 0.469
480 6.030 0.664
500 - 5230 | 0.776
520 4.320 1.078
535 T 2720 1975 -|
550 1.440 3.328
565 0.987 3.774 - . x :
580 0.683 4.081 0.0 1.0 20 3.0 4.0 5.0
595 0.421 4175 ' - TRM (R/m)
sample | Temp (°C) N f g q b R* | Fpakzeo (uT) | o,
V283 150-520 13 0480 | 0864 | 3154 | -4517 | 0819 225 825 0.594
520-595 6 0579 | 0767 | 6491 | -1.314 | o977 65.676 0.080
NRM - Sample V28.3 TRM - Sample V28.3
2.0 9.0 '
8.0 8.0
7.0 7.0
Es.o 1 ‘g 6.0 -
504 - 3 50
G40 % 4.0
=
gs.o 4 £ 30
2.0 4 = 20
1.0 1.0 4
0.0 T r v r T - 0.0 r v v
0 100 200 300 400 600 700 0 100 200 300 400 500 600 700
2osl)'emperat:.n'e ("C:'rilm Temperature (°C)
b) - )

Fig. 6.30 - Site V28: a)NRM/TRM plot and respective values, b))NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.15 - Site V28: Palacoficlds estimated and statistical parameters :
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AD 1697 sample V28.3 |
C—-Demag?2 D—-pTRMck
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Fig. 6.31 - Site V28: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
Vas.3 NRM TRM . .
steps | (A/m) (Alm) MTT (C-D) - AD 1697 - Sample V28.3
20 - 0.000 -0.000 90
100 0.000 0.000 )
150 . 8.210 0.281
250 7.960 0.356
300 7.870 0.213
330 7.590 0.222
360 7.280 0.326
390 6.950 0.183 a)
420 6.630 0.150
440 6.330 0.440
460 5.960 0.385
480 5.730 0.535
500 5.040 0.711
520 |- 4130 1.257
535 2.650 - 1.807
5§50 1.360 3.285
565 0.888 3.758
580 0.610 3.807
595 0.398 0.000 TR (k)
sample | Temp (°C) N r | g q b R® | Fpalaeo(uT) | o
V28.3 [a] 380-535 8 0.524 0.790 6.410 { -2518 | 0975 125.905 0.163
[b] 500-580 6 0.540 0552 | 10.731 | -1.384 | 0.998 69.204 0.038
NRM - sample V28.3 TRM - Sample V28.3
9.0 : 2.0
8.0 - 8.0 -
7.0 4 7.0 4
g 6.0 - __ 60
L E
> 5.0 < 5.0
@ 40 240
g 3.0 4 g 30
2.0 £ 20
1.0 1 1.0 -
0.0 r . , . . r 0.0 ]
@ 100 200 300 400 500 600 70D 6 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
b) <)

_ Fig. 6.32 - Site V28: a)NRM/TRM plot and respective values, b))NRM demagpetization and

¢)TRM acquisition curves.

Tab. 6.16 - Site V28: Palacofields estimated and statistical parameters
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AD 1697 sample V29.6
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Fig. 6.33 - Site V29: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B) X
V29.6 NRM TRM ‘
steps (Afm) (Aim) MTT (A-B) - AD 1697- Sample V29.6
20 0.000 0.000 8.0
-100 6.770 .| 0.000
150 6.710 0.103
250 6.350 0.334
300 - 6110 0.366
330 5820 0.400
360 5.380 0.502
380 4960 . 0.674 a) i
420 4520 | 0.783 _
440 4090 | 0.896
460 3.540 1.021
480 3.050 1.209
500 . 2.420 1.639
520 1.830 2.243
535 1150 .} 2178
§50 . 0.634 3.045 T T T T 7
565 0533 3201 0.0 0.5 1.0 15 20 25 3.0 35
580 0.251 3.161 TRM (A/m)
595 0.198 3.254
sample | Temp (%) N f g q b R* Fpalaeo (uT) o
V29.6 150480 |. 11 0634 | 0894 12918 -3.300 0.983 165.015 0.145
460-585. 9 0.494 0.838 5.354 -1.398 0.959 69.895 0.108
NRM - Sample V29.6 - TRM - Sample V29.6
9.0 - 9.0 T
8.0 8.0
7.0 7.0
E 60 E6o
<50 2s0
® 40 %4.0
£ 30 830
= ¥
20 20
1.0 4 104
0.0 - . . . . 00 .
0 100 200 300 400 500 600 700 0 100 200 3000 400 500 600 700
Temperature (°C) Temperature (°C)

" b) . ) <)

Fig. 6.34 - Site V29: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. ‘
Tab. 6.17 - Site V29: Palacofields estimated and statistical parameters
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AD 1697 sample V29.6
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Fig, 6.35 - Site V29: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
V29.6 NRM TRM
steps Am) (Am)
20 0.000 0.000 . MTT (C-D) - AD 1897 - Sample V2.6
100 - 0.000 0.000 8.0 -
150 6.680 0.568
250 6.210 0.353
300 5.920 0.213
330 5.710 0.510
. 360 5.380 0.803
380 4.860 0.734 a)
420 4.400 0.770
440 3.830 0.879
460 3.420 0.994
480 3.000 1.078
500. 2.280 1.516
520 1.560 2072
535 0.988 2.469 -
550 0529 3166 0.0 . ' . , . ‘
565 0.627 2813 60 05 10 15 20 25 30 35
580 0.238 3157 TRM
595 0.169 . 0.000 (im)
sample | Temp (°C) N f | g q_ b R' | Fpataco (uT) | o,
V29.8 *250-480 7 0.481 0.821 8.408 -4.555 0.989 227.736 . 0.214
480-580 7 0413 | 0773 | 5.078 -1.254 0.980 82.721 -0.079
* excluding 300,360 )
- NRM - sample V29.6 TRM - Sample V29.6
8.0 - 8.0 :
701 8.0 {
6.0 - 7.0
3 6.0
2 5.0 1 —E~
£ 590
2 40 <
‘® 40
8 30 g
e § 30
201 E20
1.0 ] 1.0
0.0 0.0 — : : , —
0 100 200 300 400 600 600 70D
Temperature (°C) Temperature (°C)
b) <)

Fig. 6.36 - Site V29: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. '
" Tab. 6.18 - Site V29: Palacofields estimated and statistical parameters
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6.4 - AD 1714/(1906?)

6.4.1 - Site V38

A-Demagl

Intensity Behaviour- Initial NRM for sample 3B was 5640 mA/m (Fig. 6.37) but at
100° it was about 1300 mA/m lower. Afier this marked decrease it showed the usual
accelerating decrease with increasing temperature, which terminated with a small concave
tail. At 595‘; there was some 5% of initial NRM still remaining.

Directional Behaviour - Both vertical and horiééntal compbnents moved towards the
origin w1th a véry linear trend (Fig. 6.37).

B-pTRM

Ihtensity Behaviour - From 100°C (4340 mA/m) it showed a smooth decrease untﬁ
535°C (2820 mA/m) with a clear break between 440 and 480°C when the intensity was
constant. Starting from 535°C the intensity showed a marked incr¢asé (about 1000 |
mA/m) and, at the end of the process (595°C) it was 3900 mA/m (Fig. 6.37).

Directional Behaviour - The_ horizontal corﬁponent moved toward the origin with a
quite linear trend but, at 53 S;’C it showed a clear deflection foWardé the wesf. The vertical
one moved northwards, gfadually away from the NRM direction until 535°, then it moved |
downward. The Inc behaved as usual, as shown by the stereo plot (Fig. 6.37).

Paldeointensity results from A-B - Two very distinct slopes were considered (Fig.
6.38a, Tab. 6.19). Both NRM demagnetization and TRM acquisition curves (Fig. 6.38b,c)
did not show any particular irregularities. |

C-Demagz

Intensity & Directional Behaviour - In this second demagnetizétion the behaviours

were exactly the same as in Demag1 (Fig. 6.39), but because the process started at 150°C
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(4230 mA/m), the marked difference between the initial NRM (20°) and that one at
100°C, observed in Demag]1, could not be repeated.

D-pTRMck

Intensity & Directional Behaviours - The two behaviours were exactly the same to
those shown in pTRM. The initial intensity was 4220 mA/m (100°C).and, at tﬁe end of
the process, was 3700 mA/m (Fig. 6.39).

Palaeointensity results from C-D - As in MTT A-B, two slopes were defined (Fig.
6.40a) and, as no clear anomalies were present in both NRM and TRM curves (Fig.

6.40b,c), all the points were considered:(Tab. 6.20).

6.5-AD 1754

6.5.1 - Site V39

A-Demagl

Intensity Behaviour - Sample 7A showed an initial NRM, at 20°C much higher then at
100°C. In fact the intensity was 6190 mA/m and, the next step of temperature, it dropped
down of about 1550 mA/m. Starting from 250°C it showed an accelerating decrease (Fig.
6.41) terminating with a small concave tail. At 595°C, there was some 11% of initial
NRM still remaining. A small irregul:;u-ity occqrred between 250-400°C.

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a linear trend, especially above 460°C. Thy showed the same deflection
between 250 @d 400°C (Fig. 6.41).

B-pTRM

Intensity Behaviour - It showed a decreasing trend, from 4790 (100°C) to 2960 mA/m

(535°C) that was quite similar to Demagl especially until 360°C. In fact above this
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temperature there were two small but clear anomalies between 360-440°C and between
460-500°C. Above 535°C the intensity showed a significant increase (about 2000 mA/m).
(Fig. 6.41)

Directional Behaviour - The horizontal component moved toward the origin with an
almost linear trend, but without reaching it. The verticai component moved gradually
away from the NRM direction but it showed an énomalous trend between 360° and
460°C. At 535°C a marked déwnward spike occurred. The Inc moved towards 90° as
shown by the stereo plot (Fig. 6.41).

Palaeointensity results from A-B - The NRM/TRM plot showed two distinct élopes
(Fig. 6.42a) and to very different value of the palacofield were defined (Tab. 6.21). No -
clear anomalous points appeared on- both NRM and TRM curves (Fig. 6.42b,c). |

C-Demag?2

Inmtensity & Directional Behaviour - The initial NRM (150°C) was 4590 mA/m.A Above
this the two behaviours were very similar to Demag] (Fig. 6.43).

D-pTRMck

Intensity Behaviour - The initial intensit‘yA was 4680 mA/m (100°C) and behaved
~ similarly to pTRM but without showing anomaliesAbetween 360° and 535°C. After the
marked increase to 535°C the iritensity was 4810 mA/m (Fig, 6;43). |

Directional Behaviour - It was very similar to that one showed in pTRM (Fig. 6.43).

Pa_laeointens_ity results from C-D - The NRM and TRM showed almost the same
behaviour as in MTT A-B (Fig. 6.44b,c), therefore two slopes wére obtained (Fig. 6.44a,

Tab. 6.22).

6.5.2 - Site V40
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A-Demagl

Intensity Behaviour - The initial NRM (at 20°C), in sample 12A was 4930 mA/m, but
at 100°C it dropped down aboﬁt 1100 mA/m. From 250°C it showed the usuél
accelerating decree-ise (Fig. 6.45) terminating with a linear trend at 595°C ahd some 10%
of initial NRM still femaining. Small irregularities were present at 400 and 480°C.

Directional Behaviour - Both vertical and horizontal ‘components moved towards the
origin with a linear trend (Fig. 6.45).

B-pTRM

Intensity Behaviour - The decreasing trend showed from 3820 ( 100°C) to 2300 mA/m
(535°C) was very similar to Demagl especially below 360°C, when it showed a slight -
deceleration in the decrease until 535°C. Above this temperature the intensity showed a
significant increase (about 1500 mA/m).

Directional Behaviour - Thé vertical component moved gradually away from the
NRM direction but at 535°C it showed a marked downward deflection (Fig. 6.45).» The
horizontal component moved toward the origin with an almost lmear trend and, at 535°C
showed a small spil;e westwards. The Inc mdved clearly towards 90°.

Palaeointensity results from A-B - The NRM/TRM plot showed two slopes (Fig.

: 6.46a)‘therefore two c_iiﬁ’erent value of the palaeoﬁeld were determined (Tab. 6.23). Both
NRM and TRM curves (Fig. 6..46b,c) behaved almost regularly.

C-Demag2 |

Intensity & Directional Behaviour - The two behaviours were very similar to Demagl.
The initial NRM (150°C) was 3730 mA/m (Fig. 6.47).

D-pTRMck
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Intensity Behaviour - The initial intensity was 3800 mA/m (100°C) and showed an
initial decreasing trend that was similar to demagt t;elow 535°C, when the intensity was
2400 mA/m. | After the mafked increase occurred above 535°C, as in pTRM, the intenéity

was 4810 mA/m (Fig. 6.47).
| Directional Behaviour -- This was very similar‘ to that showed by the pTRM (Fig.
6.47).

Palaeointensity results from C-D - The NRM/TRM plot showed two distinct slopes

(fig. 6.48a). Two value of the palaeofield were determined (Tab. 6.24) although few

points below 330°C appeared slightly anomalous (Fig. 6.48b,c).

6.5.3 - Site V41

A-Demagl

Intensity Behaviour - Sample 7B showed a very high initial NRM (9100 mA/m) at
20°C. At 100°C it dropped down of about 2200 mA/m and kept steady until 330° when it
showed the usual accelerating decrease (Fig. 6.49). This terminated with a small concave
tail and, by 595°C, had been demagnetized almost completely.

Dfrectional Beer - Both components moved towards the origin with a very linear

: treqd especially above 480°C (Fig. 6.49).

B-pTRM

Intensity Behaviour - This behaviour (Fig. 6.49) was exactly the same as in Demag]l
from 7070 (100°C) to 3320 mA/m (535°C). Above this temperature the intensity
increased significantly (about 2000 mA/m).

Directional Behaviour - The horizontal component moveci toWard the origin with an

almost linear trend until 535°C. Above this it moved slightly westwards. The vertical
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oompénent moved gradually a-way from the NRM direction and, at 535°C, showed a
marked downward deflection (Fig. 6.49). This behaviour was underlined in the stereo
plot, where the Dec changed above 535°C. while the Inc moved towards 90°, as usual.

Palaeointensity results from A-B - Two different slopes wére considered (Fig. 6.50a,
Tab. 6.25). The NRM curve did not show any particular irregularities while the TRM one
showed small anomalies at low temperatures (Fig. 6.50b,c¢)

C-Demag2

Intensity & Directional Behaviour - The two behaviours were similar to Demag! but
the vertical component moved slightly downwards, with a curving trend, between 420 and
500C°. The initial NRM (150°C) was 6980 mA/m (Fig. 6.51).

D-pTRMck

Intensity Behaviour - It was very similar to pTRM. The initial NRM was 6850 mA/m
(100°C); at 535°C, when the intensity started to increase, it was 2820 mA/m; at the end
of the process (595°) the intensity was 544.0 mA/m (Fig. 6.51).

Directional Behaviour - It was very similar to that one showed in pTRM (F'i-g. 6.51).

Palaeointensity results from C-D - As in MTT A-B, two slopes were defined (Fig.
6.52a) and, as no clear anomalies were presént in both NRM and TRM curves .(Fig.

6.52b,c), all the points were considered (Tab. 6.26).
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Fig. 6.37 - Site V38: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)
V38.3b NRM TRM
steps (A/m) {AJm)
100 4.310 -} 0.000 5.0 ¥
150 4.250 0.160
250 4.060 0.260
300 4010 | 0.341
330 3.950 0.318
360 3.760 0.437
390 3.610 0.427 a)
420 '3.380 0.501
440 3.220 0.556
450 3.020 -0.904
480 - 2.970 1.028
500 2.350 1.2156
520 1.880 1.477
535 - 1.140 1.936
550 0.689 3.094
565 0.469 3.518
580 0342 | 3664 : _ 40
595 0253 |3692] TRM (A/m)
sample | Temp () N f g q b R’ | Fpalaeo (uT) op
V38.3b 100-635 14 0.562 0.863 10.798 | -1.687 0.976 84.872 0.076
535595 | 5 | 0157 | 0849 | 1015 | 0481 | 0970 24.066 0.048
NRM - Sample V38.3b < TRM - Sample V38.3b
8.0 T - 9.0
8.0 ’ 8.0
7.0 1 o 7.0
E 6.0 LR
30 <50
=P 2
@ 40 1 § 40 -
3.0
= ' g 30
- 201 2.0 1
1.0 1 : 4.0
0.0 ; ' v ‘ " " 0.0 e - 4 . .
0 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
b) . c)

Fig. 6.38 - Site V38: a)NRM/TRM plot and respective values, b))NRM demagnetization and
¢)TRM acquisition carves.
Tab. 6.19 - Site V38: Palacofields estimated and statistical parameters
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Fig. 6.39 - Site V38: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
V38.3b NRM TRM
steps (Afm) (Afm)
>0 0,000 0,000 MTT (C-D) - AD 1697 - Sample V38.3b
100 0.000 0.000
150 4230 . 0.139
250 4.080 0.161
300 4.050 0.242
330 3.920 0.173
360 - 3.740 0.3%4
330 3.600 0.536 2
420 3.350 0.672 ‘
440 3.150 0.667
460 2.970 0.888
480 2.700 0.844
500 2270 0.983
520 " . 1.820 1.255
535 1.180 - 2126
550 0.680 - 3.062
565 0.463 3.416 40
580 0334 | 3412 TRM (Afm)
595 0.241 0.000
sample | Temp (°C) N 2 g q b ‘R* | Fpalseo (u1) o
Vv38.3b 150535 | 13 | 0.721 0.882 8.350 -1.703 0.837 85.136 0.130
500-580 6 0.458 0.753 4,893 0721 | 0.980 . 36.050 0.051.
‘NRM1 - sample V38.3b TRM - Sample V38.3b
9.0 9.0
8.0 - 6.0
7.0 7.0 -
E 6.0 4 6.0
3— 50 E
Y 5.0
z 2
g 40 %. 40
3.0 .0
E § 3
2.0 £ 20
1.0 4 1.0 -
0.0 . . . - Y ? 0.0 + . r .
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
" b) c)

Fig. 6.40 - Site V38: a)NRM/TRM plot and respecuve values b)NRM demagnehzatlon and
¢)TRM acquisition curves.
Tab. 6.20 - Site V38: Palacofields estimated and statistical parameters

211
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Fig. 6.41 - Site V39: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)

V3%8.7a NRM. TRM
steps (AJm) {Aim)
20 6.190 0.000 MTT (B-A) - AD1754 - Sample V39.7a
100 4.650 0.000 5.0 -
150 4.620 0.188
250 4.330 0.267
300 4.300 0.272
- 330 4.270 0.237
360 4.230 0.530
380 4.050 0.296
420- 3.780 0.354 8)
440 3.570 0.430
450 3.360 0.630
480 3.330 0.713
500 2790 0.923
520 2.430 1.158
535 1.770 1.382
550 1.300 3.014 0.0 T T -t T
565 0.783 4533 0.0 1.0 20 3.0 40 5.0
580 0.690 4626 TRM (A/m)
585 0.575 4515
sample | Trange() | N ! g q b R* | Fpalgeo (uT) | o,
V39.7a *“250-535 11 0.414 0.837 6.346 -2.106 0.973 105.310 0.115
§35-595 5 0.193 '0.643 1.233 <0.354 0.970 17.687 0.036
* excluding 360 : : :
NRM - Sample V39.7a TRM - Sample V39.7a
9.0 8.0
80 - 8.0 -
7.0 |
E 60 3
€ ol -3
2 . 2
® 4.0 =
= g
E 3.0 1 g
2.0 E
1.0
0.0 v v —_ v T T
0 100 200 300 400 500 60D 700 700
Temperature (°C) Temperature {°C})
b)

c)

Fig. 6.42 - Site V39: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. ' '
Tab. 6.21 - Site V39: Palacofields estimated and statistical parameters
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AD 1754 sample V39.7a
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Fig. 6.43 - Site V39: Zijderveld diagrams, Intensity and sterco plots.
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MTT (C-D)
V39.7a NRM TRM
steps (Aim) (Alm) MTT (C-D) - AD 1754 - Sample V39.7
20 0.000 0.000 50 (€D)- - -Ta
100 0.000 0.000
150 4.550 0173
250 4.480 0.1
300 4.430 0.215
330 4.410 0176
380 4.160 0.232
390 3.960 0.241 2)
420 | 3760 0.281
440 3.550 0.530
480 3.320 0.511
480 - 3.150 0.633
500 2.800 0.475
520 2.400 0.806
535 1.980 1.257
550 1.400 3102
565 0847 | 4264 00 - ' ; ;
580 0.6689 4107 0.0 1.0 ?.0 ) 3.0 4.0 50
595 0.554 0.000 TRM (Afm)
sample | Temp (°C) N f g q b RrR* Fpataeo (uI) o
V39.7a | *150-535 12 0617 | 0875 | 6.356 | -2923 | 0932 146.139 0.248
"520-560 5 0409 | 0.716 | 2.765 | 0.458 | 0967 22 939 0.049
* exciuding 500 )
NRM - sample V3S.Ta TRM - Sample V39.7a
9.0 : - . 8.0
8.0 1 . . v 8.0 J .
7.0 7.0
601 6.0
5.0 {
4.0
3.0 1
2.0 -
1.0 4
00 . . . —r - » . . .
[1] 100 200 300 400 500 600 700 0 100 200 300 - 400 500 600 700
b) <)

Fig. 6.44 - Site V39: a)NRM/TRM plot and respective valnes, b)NRM danagnetxzahon and
c)TRM acquisition curves.
ab. 6.22 - Site V39: Palacofields estimated and statistical parametexs
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AD 1754 sample V40.1l2a
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Fig. 6.45 - Site V40: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)

V40.12a NRM TRM
steps (A/m) (A/m) 4
100 3.800 0.000 40
150 3.740 0.045
250 3.570 0.184 3.5 4
300 3.530 0193 ,
330 3.490 0.188 301 o
360 3.390 022 ]|
380 3.260 0.233 2 .Eu l
420 3.110 0.295 2,,
440 2910 0.308 E
460 2750 0.527 z 5]
480 2.680 0.592 )
500 2.260 0.794 1.0
520 1.860 1.037
535 1.330 1.174 05 >
550 1.100 1.946
565 0.812 2.596 0.0 . , . — , .
580 0.645 2912 0.0 0.5 1.0 15 20 25 3.0 35
595 0.452 3.049 TRM (A/m)
sample | Temp (°C) N f g q b R* | Fpataeo(uT)| o,
V40.12a | 150635 13 0.489 0866 | B546 | -2037 | 0.973 101.838 0.101
535595 5 0.178 0.739 1102 | 0452 | 0958 22614 0.054
'NRM - Sample V40.12a , TRM - Sample V40.12a
2.0 _ 8.0
8.0 4 8.0
7.0 -
E 60
<
~- 50
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20
1.0 4
0.0 r T T r r T
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b) €)

Fig. 6.46- Site V40 a)NRM/TRM plot and respective vainm, b)NRM demagnetization and
¢)TRM acquisition carves.
Tab. 6.23 - Site V40: Palacofields estimated and statistical parameters
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AD 1754 sample V40.12a
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Fig. 6.47 - Site V40: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D) .

Fig. 6.48 - Site V40: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition carves. ‘ '
Tab. 6.24 - Site V40: Palacoficlds estimated and statistical parameters
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V40.12a NRM TRM
steps {Alm) (A/m)
20 0.000 0.000 0 MTT (C-D) - AD 1764 - Sample V40.12a
- 100 0.000 - 0.000
150 3.730 0.156 - a5
250 3.640 0.232
300 3.520 0.109 20 |
330 | 3.540 0.111 .
360 3.370 0.197 25
380 3.240 0.215 a) §
420 3.020 0.238 = 20
440 2.690 0.383 g
480 2.670 0.402 15 4
480 2470 0.573
500 2210 0.507 1.0
520 1.840 0.793 05
535 1.450 1.218
550 1.140 1.924 0.0 i ] - ]
g gg ;gz 00 . 05 1.0 15. 20 25 3.0
595 0.475 0.000 TRM (Afm)
sample | Temp (°C) N r - g q b R° | Fpalaeo (p7) | o,
V40.12a 150-520 . 12 0.507 0.880 4,371 -2.888 0.898 144.402 0.295
500-580 6 0426 0.794 3.827 -0.638 0.969 31.897 0.056
NRM - sample V40.12a TRM - Sample V40.12a
8.0 9.0 :
8.0 1 8.0 -
7.0 1 7.0 {
. ;g‘ 6.0 6.0
~ 5.0 E
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AD 1754 sample V41l.7b
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Fig. 6.49 - Site V41: Zijderveld diagrams, Intensity and stereo plots.

220



MTT (A-B)
V41.7b NRM TRM
steps (Afm) {Asm)
>0 3,100 ™0.000 MTT {A-B) - AD 1754 - Sampie VA1.7D
100 7.080 0.000 8.0
150 6.800 0.131 ’
250 6.800 0.365 7.0 1
300 6.620 0.367 6.0 .
. [ )
330 6.580 0.417 3
360 6.530 0.221 _50
390 6.280 0.316 E
a) <
420 6.100 0.410 3401
440 5.880 0.309 g
450 5570 0.624 301
480 | 5320 0.756 20 ~
500 4550 1379 | v
520 3.280 2.098 1.0 4 ®
535 1.800 2,655 .
550 1.040 4.831 0.0 T - T T -
565 0.720 5 141 0.0 1.0 20 3.0 4.0 5.0 6.0
580 0.571 5.460 » TRM (A/m)
595 0.342 5.462
sample. | Temp(°C) | N f g - q b . R* Fpataeo (uT) A
V4170 | 150535 13 0.560 0.818 7.731 -1935 | 0.962 96.761 0.115
' 535-595 5 0.1680 0.645 0686 | 0480 | 0933 24.024 0.072
NRM - Sample V41.7b TRM - Sample V41.7b
8.0 . - 8.0 -
8.0 - 8.0
7.0 7.0 4
g 8.0 4 ‘E‘e_o
S 5-0 b 3’ 5.0 4
2 2
@ 40 B 40
8 [ 4
£ 3.0 g 3.0
20 20
1.0 { 10
0.0 — : . e r 0.0 }
0 100 200 300 400 SO0 600 760 0
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b) c)

Fig. 6.50 - Site V41: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. : .
Tab. 6.25 - Site V41: Palaeofields estimated and statistical parameters
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AD 1754 sample V41l.7b
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Fig. 6.51 - Site V41: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)

V41.7b NRM TRM |
steps Afm {AIm -
0 . goog 0003 MTT (C-D) - AD 1754 - Sample V41.7b
100 0.000 0.000 80
150 6.980 0.208
250 6.770 0.255
300 6.800 0.360
330 6.700 0.383 °
360 8.440 0.268
390 6.310 0.476 8)
420 6.000 0.445
440 5710 0.643
460 5320 0.772
480 4.940 1.208 .
- 500 4.280 1.402
520 3.170 1.972
535 1.900 3.510
550 1.010 43833 i . , i
565 0.718 S.421 0.0 10 20 30 40 50 8.0
580 0483 | 5391 TRM (Vm)
595 0.327 0.000
sample | Temp (°C) N r g q b R° | Fpalaeo(uD) | o,
V41.7b - 150-520 12 0.546 0.843 7.648 2125 . 0.864 106.242 0.128
1 500580 - 6 . 0.544 0.738 5635 0897 1 0.980 - 44830 0.064
NRM - sample V41.7b " TRM - Sample V41.7b
0.0 ‘ 2.0
8.0 - 8.0
7.0 4 7.0 -
g 6.0 - 6.0
< ., E
> 50 - 5.0
B 40 240
g 3.0 - 53 0 -
2.0 4 Es9.
1.0 1.0 |
0.0 . r . T y 0.0 . - T r r :
0 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
b) c)

Fig. 6.52 - Site V41: a)NRM/TRM plot and respective values, b)NRM demagﬁeﬁzaﬁon and

¢)TRM acquisition curves.

Tab. 6.26 - Site V41: Palacofields estimated and statistical parameters
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6.6 - AD 1760

6.6.1 - Site V32

A-Demagl

Intensity Behaviour - Initial NRM of sample 9B was 4080 mA/m (Fxg 6.53) and, by
595°C, had been demagnetized almost completely. It showed an accelerating decrease in
intensity with increasing temperature starting from 330°C. A small increase occurred at
565°C (about 200 mA/m).

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a very linear trend especially above 390°C. The vertical component showed a
single downward marked excursion at 565°, followed by the previous trend. The Inc .
moved toward 90° above 565°C (Fig. 6.53).

B-pTRM | |

Inten.s‘ity‘Behvaviour - This showed a smooth decreasing trend ﬁ'ém 3990 (20°) to 2080
mA/m (535°C) that was quite similar to Demagl. from 535 to 595°C the intensity
showed gltemaﬁng s1gmﬁcant increases (about 1000 mA/m b’et‘ween 535 and 565°C) and
decreases. Finally the intensity was 3170 mA/m (Fig. 6;53).

Directional Behaviour ] The horizontal component moved toward the origin with a
1inea.r ﬁend, but it sﬁowed an unclear direction above 565°C. The Vertical component
moved northwards, gradually away from the NRM direction, until 565° when it started to-
move toward down. The Inc behaved as usual (Fig. 6.53).

Palaeointensity results from A-B - The NRM/TRM plot showed a linear trend until
520°C when points started to behave almost randomly (Fig. 6.54a). One value of the
palaeofield were estimated (Tab. 6.27) and all the anomalous points above 520°C were

not considered (Fig. 54b,c).
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C-Demag2

Intensity & Directional Behaviours - This second demagnetization showed the same
behaviours as in Demagl, but the spike af 565°C had a more significant downward
direction, as shown by the vertical component and the Inc on the stereo plot (Fig. 6.55).

D-pTRMck

Intensity Behaviour - From 3930 (20°) to 2200 mA/m (520°C) the decreasing trend
was very s1m11ar to Demagl. From 520 to 550°C the intensity showed an increase (about
1000 mA/m) followed by a small decrease until 595°C. At the end the intensity was 3000
mA/m (Fig. 6.55).

Directional Behaviour- The horizontal component -moved toward the origin with a
linear trend, while the vertical one moved, as ‘usual, gradually away from the NRM
direction, until 520°. After thiS, it moved clearly downwards until 550°C and then
northwards'again until the end (Fig. 6.55).

Palaeointensity results from C;D - The NRM/TRM plot showed a concave curve (Fig.

‘ 6.56a) and two slopes were defined (Tab. 6.28).

6.6.2 - Site V34

A-Demagl

Intensity Behaviour - Sample 12A had an initial NRM of 2210 mA/m and, by 595°C,
was demagnetized almost completely. The intensity decreased almost linearly but showing
three different slopes; between 20 and 330°C, 360 and 440°C, and from 460 to 520°C. At -
565° a significant increase\in intensity occurred (Fig. 6.57).

Directional Behaviour - Béth the horizontal and vertical components showed an

almost linear trend until 330°C followed by a curving trend until 520°C. A significant
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irregularity occurred at 565°C when the vertical vector moved toward a downward
direction (Fig. 6.57). |

B-pTRM

Intensity Behaviour - It showed a constant intensity (about 2000mA/m) between 150
and 420°C followed by an hyperbolic increase until the end (595°C) when the intensity
was 5090 mA/m. Two small but clear decreases were present at 535 and 580°C (Fig.
6.57).

Directional Behaviour - The horizontal component moved clearly toward the origin
especiaﬂy below 520°C. After, it showed a very unclear trend. The vertical component
moved rapidly away from the NRM direction toward down. The stereo plot showed the
usual gradual movement of the Inc toward 90° (Fig. 6.57).

Palaeointensity results from A-B - Some points above 520°C which appeared irregular
in all the curves (Fig. 6.58a,b,c) were not considered. Two different value of the
palaeofield were obtained (Tab. 6.29).

C-Demag2

Intensity Behaviour - At 150°C, the NRM was 1940 mA/m and, by 595°C, was
demagnetized coxﬁpletely. The intensity decay was similar to Demagl with the same
small breaks at 360 and 440°C. A significant increase at 565° was also present (Flg 6.59).

Directional Behaviour - This showed the same behaviour as in Demagl although it
was much more indistinct. The stereo plot showed the usual behaviour of both Inc and
Dec below 535°C, but above this temperature they behaved randomly (Fig. 6.59).

D-pTRMck
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Intensity & Directional Behaviours - The initial NRM (100°C) was 2000 mA/m and,
at the end of the process, it was 5260 mA/m. Both behaviours were very similar to pTRM
(Fig. 6.59).

Palaeointensity results from C-D - As in MTT A-B two slopes were showed by the

NRM/TRM plot (Fig. 6.60a) excluding the irregular point at 550°C (Tab. 6.30).

6.6.3 - Site V35

A-Demagl

Intensity Behaviour - Initial NRM for sample 7A was 3610 mA/m (Fig. 6.61). It
showed the usual accelerating decrease in intensity starting from 150°C and terminated at
595°C, with some 11% still remaining. A marked spike occurred at 565°C when the
intensity increased by about 400 mA/m.

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a very linear trend. The vertical one showed a single downward marked
excursion at 565° as, also underlined by the Inc behaviour on the stereo plot (Fig. 6.61).

B-pTRM

Intensity Behah‘our - The decreasing trend, from 3530 to 1970 mA/m (535°C), was
almost similar to Demag1, except for a minor difference in deceleration rate. Between 535
- and 595°C fhe intensity showed altemated. significant increases (about 1500 mA/m) and
decreases. Finally it was 3660 mA/m (Fig. 6.61). |

Diréctional Behaviour - The horizontal component moved toward the origin with a
linear trend below 550°C, but above 580°C it moved clearly northwards. The vertical

component moved gradually away from the NRM direction until 520°. After it showed a
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zigzag behaviou} with marked downward spikes. The same behaviour was underlined by
the stereo plot (Fig. 6.61).

Palaeointensity results from A-B - In the NRM/TRM plot some clear irregular points
above 500°C, which also appeared in both NRM and TRM curves, were exclﬁded (Fig..
6.62a,b,c). Two different estimates of the palaeofield were considered (Tab. 6.31).

C-Demag2 | |

Intensity & Directional Behaviour - In this second demagnetization the behaviours
were exactly the same as in Demag], but the increase in intensity and the spike showed by
the vertical component, at 535°C, were very marked (Fig. 6.63).

D-pTRMck

Intensity Behaviour - The initial intén.sity was 3540 mA/m (100°C) and decreased as in
pTRM until 520°C. From 520 to 550°C the intensity showed a marked increase (about
2000 mA/m) followed by a small decrease until 595°C. The final intensity was 3600

~mA/m (Fig. 6.63). |

Directional Behaviour - The horizontal component was very similar to that one
showed in pTRM. The vertical one showed a downward deflection between 520 and
550°C followed by a northward movement at 565°C (Fig. 6.63).

Palaéointensity résults Jrom C-D - As m MTT A-B, two slopes were defined (Fig.
6.64a), but the value at 565° , which was clearly ix_regular on both the NRM and TRM

curves, was excluded (Tab. 6.32).
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Fig. 6.53 - Site V32: Zijderveld diagrams, Intensity and stereo plots.
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MIT(AB)
V32.10 NRM - TRM
steps {Aim) | (Ahm)
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Fig. 6.54 - Site V32: e)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. '
Tab. 6.27- Site V32: Palacoficlds estimated and statistical parameters
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Fig. 6.55 - Site V32: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)

V32.10 NRM TRM
steps {AJm) {A/m)
) G000 0,000 MTT (C-D) - AD 1760 - Sample V32.10
100 0.000 0.000 45
150 3.920 0.342 0]
250 3.810 - 0.452 ’
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360 3.460 0.407 30
390 3.250 0571 _ 2 E2s ]
420 2.960 0518 4
440 2.800 0.673 & 201
460 2500 0.741 5]
480 2200 0.845
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595 0.214 0.000
sampte | Temp (°C) N £ g q b R* | Fpalaeo (uT) P
V3210 | 250535 12 0714 | 0892 | 8152 | -1.831 | 0940 91.531 0.143
480-580 7 0476 | 0476 | 1829 | 0840 | 0925 41.983 0.104
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Fig, 6.56 - Site V32: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.28 - Site V32: Palacofields estimated and statistical parameters
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Fig. 6.57 - Site V34: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)
NRM

V34.12a TRM .
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595 0.041 5073
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*excluding 535,565_
NRM - Sample V34.12a TRM - Sample V34.12a
2.0 9.0
8.0 8.0 -
7.0 4 7.0
E 60 £ 60
< 5.0 250
2 Z2
o 4.0 3 40
£l -
£ 3.0 - , 7 £30
2.0 : ) 20
o] N"\ s
0.0 . — , 0.6 - o . SO ,
0 100 260 300 400 500 600 700 0 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
b) ©)

Fig. 6.58 - Site V34: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.29 - Site V34: Palaeofields estimated and statistical parameters
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Fig. 6.59 - Site V34: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)

V34.12a] NRM TRM
steps (AJm) {A/m) L
S 5000 000 MTT (C-D} - AD 1760 - Sample V34.12a
100 0.000 0.000 20
150 1.940 0.288 8
250 1810 0.295
300 1.660 0.427 181
330 1.600 0.456 1.4
360 1.550 0.628
330 1.310 0.737 : g‘-z
420 1.130 088 | ¥ |2,
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Fig. 6.60 - Site V34: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.30 - Site V34: Palacofields estimated and statistical parameters
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Fig. 6.61 - Site V35: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)

Fig. 6.62 - Site V35: a)NRM/TRM plot and respective values, b)NRM demagnetization and

¢)TRM acquisition curves.

Tah. 6.31 - Site V35: Palacofields estimated and statistical parameters
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V35.7a NRM TRM
steps {AIm) A/m)
20 3.610 '0.000 MTT (A-B) - AD 1760 - Sample V35.7a
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Fig, 6.63 - Site V35: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
V35.7a NRM TRM
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Fig. 6.64 - Site V35: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.32 - Site V35: Palaeoficlds estimated and statistical parameters
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6.7- AD 1806

6.7.1 - Site 24

A-Demagl

Intensity Behaviour - Initial NRM (20°C) of sample SA was 5370 mA/m, but af 100°C
it was 4110 mA/m. After it showed a smooth decrease until 520°C followed by a small
linear tail until 595°C, when the intensity had been completely demagnetized. There were
two small deﬂectioﬁs at 400-and 480°C (Fig. 6.65).

Directional Behavioﬁr - Both vertical and horizontal components moved towards the
origin with a very linear trend. The Inc as shown by the stereo plot, moved slightly

toward 90° above 500°C (Fig. 6.656).

B-pTRM

Intensity Behaviour - 1t showed a constant intensity (about 4000mA/m).between 100
and 300°C followed by a linear decrease until 460°C when the intensity was 2990 xﬁA/m.
After it showed a significant increase (4520 mA/m) until 535°C followed by another linear
decrease until the end (595°C) (Fig. 6.65).

Directional Behaviour - The horizontal component moved toward the origin especially
below 520°C. After this, its trend was very unclear. The vertical component moved
toward the origin until 460°C then, it moved away from the NRM direction toward doWn.
From 535°C it moved upwards (Fig. 6.65).

Palaeointensity results from A-B - All the points above 535°C behaved irregularly as
shown by the NRM/TRM plot and by both the demagnetization and acquisition.curves
(Fig. 6.66a,b,c). Two different slopes up to that temperature were defined (Tab. 6.33).

C-Demag?2
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Intensity Behaviour - At 150°C, the NRM was 4090 mA/m and, by 595°C, was
demagnetized completely. The intensityhdecay was similar to Demag] with a break at
480°C (Fig. 6.67).

Directional Behaviour - It showed the same behaviour as in Demag]l but the vertical
component showed a clear deflection at 480°C (Fig. 6.67).

D-pTRMck - Intensiiy & Directional Behaviours

The initial NRM behaved almost similarly as in pTRM. At 100°C it was 4150 mA/m
aﬁd, at the end of the process, it was 3670 mA/m. The vertical 'component moved slightly
away from the NRM until 480°C. Between 480 and 520°C it showed a clear movement
downward followed by an upwards one until 580°C (Fig. 6.67).

Palaeointensity results from C-D - The behaviour was similar to A-B and, up to
520°C, two slopes were considered (Tab. 6.34). All the point above that temperature
were excluded as also the value at 480° which was clearly anomalous on all the curves

(Fig. 6.68a,b,c).

6.7.2 - Site 25

A-Demagl

Intensity Behaviour - Sample 1 had a low mlt1al NRM (1970 mA/m) and showed a
very unusual trend. In fact it showed: a linear decay until 150°C; a marked convex trend
until 400°C; again linear until 460°C; a significant increasé (about 200 mA/m) at 480°C
followed by a very steep linear decay. until 535°C; a small tail between 535 and 595°C
when the intensity had been completely demagnetized (Fig. 6.69).

Directional Behaviour- Both horizontal and Qertical components showed an a]mosf

linear trend toward the origin, below 500°C. After they behaved quite randomly, as also
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shown by the stereo plot (Fig. 6.69). The vertical component showed a significant
irregularity at 480°C when the total vector moved toward a downward direction.

B-pTRM

Intensity Behaviour - It showed a constant intensity (about 2000mA/m) between 150
and 440°C followed by a hyperbolic increase until 580°C when the intensity was 9030
mA/m (Fig_‘ 6.69). The process ended (595°C) whit a small decrease.

Directional Behaviour- The horizontal component moved clearly toward the origin
especially below 520°C, but after it showed an unclear trend. The vertical component
moved rapidly away from the NRM direction toward down. The stereo plot showed the
usual gradual movement of the Inc toward 90° (Fig; 6.69).

Palaeointensity results from A-B - The TRM curve showed a very steep increase in
intensity above 535°C (Fig. 6.70c). A suspicious behaviour was also noticed on the
NRM/TRM above the same temperature (Fig. 6.70a). Two different value of the
palaeofield were considered (Tﬁb. 6.35) excluding all the anomalous points mentioned
above and also the value at 480°C. |

C-D‘emagz' |

Intensity Behaviour - In this second demagnetization, started at 150°C, the NRM was
1620 mA/m and, by 550°C, wés demagnetized completely. The intensity decay showed é v
shallow-linear decay between 150 and 330°C, followed by a much more stéeper linear
decay until 440°C. A significant increase occurred between 440 and 480°C, followed by a
steep linear decay, until 520°, términating with a smgll tail at 595° (Fig. 6.71).

Directional Behaviour - The horizontal component showed an almost linear trend

especially below 520°C. The vertical component moved northwards between 150 and
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330°C then toward the origin until 440°C when a spike downward occurred. From 480°C
it moved again toward the origin (Fig. 6.71).

The stéreo plot showed a good consistency in Dec until 535°C while the Inc had a
graduél, but not clear movement toward 90°.

D-pTRMck

Intensity & Directional Behaviours - Both were similar to those showed by pTRM
(Fig. 6.71).

Palaeointensity results from C-D -Two different value of the palaeofield were
considered (Tab. 6.36) excluding points which showed irregular behaviour on the
NRM/TRM plot above 565°C (Fig. 6.72a) and also some points which appeared clearly

irregular on the NRM curve (Fig. 6.72b).

6.8- AD 1839

6.8.1 - Site 42

A-Demagl

Intensity Behaviour - The initial NRM in sample 6B was 6590 mA/m but at 100°C it
dropped down to 4930 mA/m. It stayed constant until 330° when it showed the usual
accelerating decrease (Fig. 6.73). This terminated with a linear tail and, by 595°C it had
been demagnetized almost completely (some 5%.of initial NRM still remaining). A small
irregularity was present at 520°C.

Directional Behaviour - Both components moved towards the origin with a very linear
trend especially aber 480°C (Fig. 6.73).

B-pTRM
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Intensity Behaviour - It was the same as in Demag1 from 5000 (100°C) to 3850 mA/m
(520°C), except for a significant deflection occurred between 440 and 500°C. Above
535°C the intensity increased signiﬁcantly (about 1500 mA/m) and, at the end, it was
5310 mA/m (Fig. 6.73).

Directional Behaviour - The horizontal component moved toward the origin with an
almost linear trend until 535°C. Above this it showed a small-curved westward deflection
but terminating at 595°C toward the origin. The vertical component moved gradually
away from the NRM direction but, at 535°C it showed a marked downward spike (Fig.
6.73). This behaviour §vas also underlined by the stereo blot, where the Dec slightly
changed above 535°C. while the Inc moved towards 90°.

Palﬁeointensity results from A-B - The NRM/TRM plot showed three different slopes
(Fig. 6.74a) therefore three value of the palacofield were determined. Both NRM and
" TRM curves (Fig. 6.74b,c) behéved almost regularly, although some poiﬁts (Tab. 6.37)
were considered irregular when the slope, referred to as [c], was defined.

C-Demag2

Intensity & Directional Behaviour - The two behaviours were similar to Demagl,
except for a small_ irregularity at 330°C. The initial NRM (150°C) was 4990 nriA/m (Fig.
6.75). |

D-pTRMck | |

Intensity & Directional Behaviour - It was very similar to pTRM. The initial NRM
was 5040 mA/m (100°C); the intensity started to increase at 520°C, when it was 2820
mA/m; finally (595°) the intensity was 5240 mA/m (Fig. 6.75).

Paldéointensity results from C-D - Three different value of the palaeofield were

determined (Fig. 6.76a). As in MTT A-B, NRM and TRM curves (Fig. 6.76b,c) behaved
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almost regularly, but two points (Tab. 6.38) were considered irregular when defining the

slope referred to as [c].

6.8.2 - Site 43

A-Demagl

Intensity Behaviour - Sample 13B showed an initial NRM, at 20°C higher then at
100°C. In fact the intenéity was 6300 mA/m and, the next step, it dfopped down of about
1400 mA/m. Starting from 330°C it showed an accelerating decrease (Fig. 6.77)
terminating with a small convex tail. At 595°C, there was some 3% of initial NRM still
remaining. A small irregularity occurred at 480°C.

Directional Behaviour - Both vertical and horizontal components moved towards the
origin with a linear trend above 480°C, but they showed small irregularities below this
temperature (Fig. 6.77). -

B-pTRM

Intensity Behaviour - It showed a general shallow decreasing trend,’ from. 4940
(100°C) to 4200 mA/m (520°C). A small convex deflection between 250 and 440°C and a
small spil;e'at 480°C, were present. Above 520°C the intensity showed a significant
increase (about- 1400 mA/m). From 550°C it stayed mostly constant and, at thé. end
(595°C) was 5790 mA/m (Fig. 6.77).

Directional Behaviour - The horizontal component moved linearly toward the origin
between 330 and 535°C but ﬁ'O-m 440°C it moved slightly westwards. At 565°C a marked
westwards spike occurred followed by a linear trend toward the origin, but without
reaching it. The vertical component moved gradually away from the NRM direcﬁon but it

showed a zigzag trend between 360° and 500°C. At 535°C a marked downward spike
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occurred followed by an almost linear trend toward porth. The Inc moved towards 90°
rapidly from 500°C (Fig. 6.77).

Palaeointensity results from A-B - Two different values of the palaeofield were
considered excluding all the points below 390°C, which appeared anomalous on the
NRM/TRM. Some other values were excluded when interpreting the second slope (Tab.
6.39) although they did not appear clearly irregular on both NRM and TRM curves (Fig.
6.78b,c). |

C-Demag2

Intensity & Directional Behaviour - Tﬁe initial NRM (150°C) was 4770 mA/m. Above
this the two behaviours were very similar to Demagl, except for a little irregularity at .
330°C and for the tail that was less convex (Fig. 6.79).

D-pTRMck

Intensity Behaviour - The initial intensity was 4860 mA/m (100°C) and behaved
similarly to pTRM but between 460 and 500°C it showed a more significant decrease (as
in Demagl). After the marked increase to 535°C the intensity was 5440 mA/m (Fig.
679. |

Directional Behaviour - 1t was almost similar to thét one showed 1n pTRM but
between 460 and 500°C the vertical vector, moved clearly upward (Fig. 6.79). |

Palaeointensity results from C-D - Two different values of the palaeofield were

considered (Fig. 6.80a,Tab. 6.40). Both NRM and TRM curves did not show any

particular irregularity (Fig. 6.80b,c).

6.8.3 - Site 44

A-Demagl
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Intensity Behaviour - Sample 6A had an initial NRM of 2350 mA/m but, by 100°C it
dropped down to 1690 mA/m.. It stayed steady below 330°C then it started to decay
almost linearly until 535°C when it showed a small concave tail and, by 595°C had been
demagnetized completely. A marked spike occurred at 480°C when the intensity increased
of about 1200 mA/m (Fig. 6.81).

Directional Behaviour - The horizoﬁtal component moved toward a southeast
direction below 250°C then it moved toward the origin but with a very unclear trend (Fig.
6.81). The vertical component moved downwafd, clearly away from the origin, below
250°C then it changed drastically direction moving toward the origin. A marked
downward spike occurred at 480°C but after this it moved again toward the origin -
although with a random trend. The general unclear trend was clearly shown by the stereo
plot.

B-pTRM

Intensity Behaviour - At 100°C the intensity was 1660 mA/m and showed a ,shallov&
increase below 360°C.. After it decreased until 440°C when it was 888 mA/m. Above this
point there was a‘very steep increase until the end of the process (595°C) where the
_intensity was 9300 mA/m. All the increasés and decreases occurred were almost linear
(Fig. 6 81).

Directional Behaviour - The horizontal component showed bseveral‘ different trends. In
fact it moved; toward a southeast direction below 360°C; toward the origin until 4406C;
toward west until 500°C; again toward the origin until 535°C. Above this temperature it
behaved randomly; The vertical component moved do;:vnward until 360°C, then toward
the origin until 440°C. After it moved clearly downward. The stereo plot showed a

gradually movement of Inc toward 90° although unclear (Fig. 6.81).
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Palaeoihtensity results from A-B - Some pqints in the medium range of temperature,
which appeared irregular in all the curves, (Fig. 6.82a,b,c) were not considered as also
values above 550 °C. The NRM/TRM plot showed a quite anomalous behaviour and two
possible slopes were considered (Tab. 6.41). |

C-Demag2

Intensity Behaviour - The initial NRM (at 150°) was 1670 mA/m and stayed almost
constant until 300°C when it decayed linearly. until 440°C. A small increase occurred at
460°C followed by another linear trend terminating with a small tail (Fig. 6.83).

Directional Behaviour- Both the horizontal and vertical components moved toward
the origiq with.a very unclear trend. The stereo plot showed a random behaviour of Dec
and Inc above 520°C (Fig. 6.83).

D-pTRMck

Intensity Behaviour- 1t was exactly the same as in pTRM. The initial intensitj was
1740 mA/m and, at 595°C it was 9640 mA/m (Fig. 6.83).

Directional Behaviour- The horizontal showed a general unclear trend toward the
origin below 460°C. After it showed two marked northward spike at 480 and 550°C. The
vertical component moved away from the NRM direction with av zigzag trend below
460°C then it moved clearly downward. At 595°C, a marked upward spike occurréd,’ as
also shown by the Inc behaviour (Fig. 6.83). | |

Palaeointensity results from C-D - The NRM/TRM plot Showed two different slopes
(Fig. 6.84a). No points were excluded (Tab. 6.42) although both NRM and TRM curves

(Fig. 6.84b,c) did not show clear behaviours.
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Fig. 6.65 - Site V24: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)

V24.5 NRM TRM -
steps (A/m) (Afm)
>0 5000 ) MTT (C-D) - AD 1806 - Sample V24.5
100 _ 0.000 0.000 45
150 4.090 0.137 4 |
250 3.920 0.108 ’
300 3.790 0.217 35 |
330 3.600 0.152 ‘
360 | 3300 | 0293 30
390 2.990 0.347 a) E,s |
420 | 2680 | 0468 g
440 | 2340 | 0684 201
460 2.120 1.087 15
480 2.050 0.583
500 1070 | 2620 1.0 4
520 0425 | 4117
535 | - 0.330 4.036 051
550 0.211 4.052 0.0 ‘ — : ,
565 0.140 3.971 0.0 1.0 20 3.0 4.0 5.0
580 0.098 3577 TRM
595 0.000 0.000 Fl m)
sample | Temp (°C) N f g q p | R Fpalaeo (uT) o
V245 | 300520 8 0428 | 0843 | 2835 | 3194 | 0911 159.697 0.393
*420-520 5 0546 | 0.666 | 4952 | 0607 | 0984 30.358 0.045
* excluding 480 : )
NRM - sample V24.5 TRM - sample V24.5
9.0 . 2.0
8.0 4 8.0
7.0 7.0 4
E 6.0 1 8.0
g ;0 J 5 5.0 4
@ 4.0 5 4.0 4
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Fig. 6.68 - Site V24: a)NRM/TRM plot and respective values, b)NRM demagnetization and
c)TRM acquisition carves.
Tab. 6.34 - Site V24: Palaeoﬁelds estimated and statistical pammeters
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Fig. 6.67 - Site V24: Zijderveld diagrams, Intensity and stereo plots
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MTT (A-B)

V24.5 | NRM TRM
steps | (A/m) (Nm)
20 5.370 0.000 MTT (A-B) - AD1806 - Sample V24.5
100 4110 | 0.000 45
150 | . 4.090 0.146
250 | 3.880 0.278
300 3.500 0523
330 3.590 0.336
360 3350 | 0432
390 3.060 0.477
420 2750 | 0613 8)
440 2.400 0.655
460 2.100 1.030
480 2.080 1.397
~ 500 1.140 2411
520 0.408 4.057 535
535 0.325 | 4.229 v
550 0.214 4.200
565 0.188 4.052
580 0.129 3.016 5.0
595 0.053 3.688
sample | Temp(°C)| N f g q b R® |Fpataco(uT)| o
V245 | 150460 9 0371 | 0854 | 2220 | 2639 | 0.863 131.932 0.376.
440-535. 6 | 0386 | 0648 | 3903 | -0.590 | 0987 29,491 0.038
NRM - Sample V24.5 TRM - Sample V24.5
2.0 ‘8.0
8.0 4 8.0
7.0 4 7.0
Eeol €60
§ 5.0 4 - 5.0 4
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20 =20
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Fig. 6.66 - Site V24: a)NRM/TRM plot and respective values, .b)NRM demagnetization and
¢)TRM acquisition curves. -

Tab. 6.33 - Site V24: Palacoficlds estimated and

statistical parameters
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Fig. 6.69 - Site V25: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)
V25.1 NRM | TRM

steps | (Am) | (A/m)

20 1.870 0.000

100 1.650 0.267

MTT (A-B) - AD1806 - Sample V25.1

150 1.620 0.297

250 1.430 0.607

300 1.393 0.822

30 | 1330 | 0801

360 1210 ] 0546

3980 1.080 1.003

420 082 |1100] 9

440 0.733 1.297

460 0.711 1.921

480 0.982 2.207

500 0.647 2749

520 0.277 4.128

535 0126 | 6.174 ° %
550 0.106 | 7.889 j y " )
565 0318 87661 0.0 20 40 6.0 8.0 10.0
580 0063 | 897 TRM (Afm)
595 0.015 8.444
sample | TempC)| N 7 g q b | R |Fpatmeo(uT)| o,
V5.1 250440 7. 0.354 | 0.793 2.160 -1.195 0.918 59.751 0.155
*420-535 | 6 0.374 | 0.666 2146 -0.149 0.947 7.436. 0.017
excluding 480 :
NRM - Sample V25.1 TRM - Sample V25.1
9.0 , - 2.0
8.0 4 8.0
. 10; 7.0 ]
E 60 € 60
s s
5.0 4 S 50
2 2
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Fig. 6.70 - Site V25: a)NRM/TRM plot and respective values, b)NRM demagnetization and

¢)TRM acquisition curves.

Tab. 6.35 - Site V25: Palacoficlds estimated and statistical parameters
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Fig. 6.71 - Site V25: Zijderveld diagrams, Intensity and stereo plots.
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] MTT (C-D)
V25.1 NRM TRM
steps (Am) | (Am)
30 0,000 0,000 MTT (C-D) - AD 1806 - Sample V25.1
100 0.000. 0.000 18
150 1.620 0.188
250 1.540 0.456
300 1.520 0.570
330 1.510 0.525
380 1.280 | 0.671 _
380 1.040 1.021 a) g K
420 0.832 1.373 =
440 0750 | 1.685 Z0.
460 0.914 1.881
480 1.080 1.928
500 0.721 2699
520 0.308 - 5.748
535 |. 0.258 8.175
550 0.132 .-8.057
565 0.084 9.010 10.0
580 0.045 8.345
595 | 0.000. 0.000
sample | Temp(°C)| N f. g q b - R* Fpalaeo (uT) o
V25.1 250420 | 6 - 0437 | 0692 | 3.114 -0.829 0.950 41.434 0.081
*420-565 9 0462 | 0.300 | 1.140 0.111 0.968 5.549 0.013
* excluding 460,480 )
NRM - sample V25.1 TRM - Sample V25.1
10.0 ) ' 10.0 i
9.0 4 9.0
8.0 1 8.0 |
£ 701 7.0
< 60 E 60;
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Fig. 6.72 - Site V25: a)NRM/TRM plot and respectxve values, b))NRM demagnetization and
¢)TRM acquisition curves.
Tab. 6.36 - Site V25: Palacofields estimated and statistical parameters
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Fig. 6.73 - Site V42: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)

V42.6b NRM TRM
steps {(A/m) (Afm) -
20 6.590 0.000 MTT (A-B) - AD1839 - Sample V42.6b
100 4.960 0.238 6.0
150 4.920 0.243
250 4.840 0.285
300 4.830 0.207
330 4.820 0.224
3680 4710 0.259
380 4570 0.251 8)
- 420 4.450 0.307
440 4.300 0.312 '
480 4.110 0.610
480 4.130 0.519
500 . 3.420- 1.048
520 2210 1.816
535 1.080 2.929 el
550 0.841 . 4 457
565 0.709 '4.699 X v . -
580 0576 4.884 0.0 1.0 20 3.0 40 5.0 6.0
505 0.329 5.021 ’ TRM (m)
sample | Temp(°C) | N f g q | b R* | Fpalaeo (uT) | o,
V42.6b [a] 300440 6 0.080 0.755 0.356 -4973 0.887 . 248.658 0.848
[b] 440-635 6 0.489 0.683 7.027 -1.299. 0.991 64.964 0.062
fc] *420-595 7 0.625 0.362. 16.448 0844 | 0.999 42 191 0.012
*excluding 480,500,520,5635 .
NRM - Sample V42.6b TRM - Sample V42.6b
9.0 : 9.0
8.0 4 oo |
7.0 5 704.
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Fig. 6.74 - Site V42: 2)NRM/TRM plot and respective vahl&s b)NRM demagnetlzauon and

¢)TRM acquisition curves.

Tab. 6.37 - Site V42: Palacofields estimated and statistical parameters

259




AD 1839 sample V42.6b

C—-Demag?2 D—-pTRM
“',No NF"o
¥o
:;P

Scale 1000 mA/m

Scale 1000 mA/m

‘Mmax = 4990 mA/m Mmax = 5320 mA/m

M/Mmax

0.9

oc. -+ + + =t * * 0. + - +
o 100 200 300 400 500 600 [e] 100 200 300 400 500 600
Step Step

@ Lower
A Upper

Core

Coordinates

Fig. 6.75 - Site V42: Zijderveld diagrams, Intensity and stereo plots.
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Fig. 6.76 - Site V42: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. '
Tab. 6.38 - Site V42: Palacoficlds estimated and statistical parameters
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__MTT(C-D) -
. {1 V42.6b NRM TRM
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Fig, 6.77 - Site V43: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)-

V43.13b NRM TRM
steps | (A/m) (A/m) )
20 6.300 0.000 MTT (A-B) - AD1839 - Sample V43.13b
100 4.880 0.097 6.0
150 4.850 0.098
250 4.690 0.378 .
300 4.680 0.307
330 4.670 0.299"
360 4.530 0.277
. 390 4,400 0.228
420 . 4270 -} 0206
440 4100 | 0250 ] 2
480 3.800 0.632
480 | 3.980 0.607
500 3200 1.183
520 1.550 2.806
535 0.899 4.138
5§50 0.876 4876 .
565 0.730 5.019 y T T T
580 0.573 5.264 0.0 1.0 2.0 3.0 4.0 5.0 6.0
585 0.224 | 5505 TRA (/m)
sample { Temp(°C)| N ! g q . b "R Fpalaeo (uT) o
V43.13b | . 380520 7 0.452 0.579 5.743 -1.038 0.990 - 51.940 0.047
. *380-585 9 -0.663 0.433 16.832 0.739 0.998 - 36.972 0.013
*excluding 500,520,535 :
NRM - Sample V43.13b TRM - Sample V43.13b
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Fig. 6.78 - Site V43: a)NRM/TRM plot and respective valnes, b)NRM demagnetization and
¢)TRM ecquisition carves.
Tab. 6.39 - Site V43: Palaeoficlds estimated and statistical parameters
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Fig. 6.79 - Site V43: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
V43.13b] NRM TRM
steps {A/m) (A/m)
= 5000 5000 o MTT (C-D) - AD 1839 - Sample V43.13b
100 0.000 0.000 ;
150 4.770 0.112
250 4.690 0.164
300 4.640 0.257
330 4.700 0.056
360 4550 0.323
380 | 4380 | 0.251
420 4240 | 0.345
440 4.070 "0.421 " a)
460 3860 | 0588
480 3.730 0.515
500 3.210 0.927
520 1.540 3.266
535 | 1.060 4.621
550 | 0.901 4.795
565 0.768 4.863 : ' . . :
580 0.446 5.396 0.0 1.0 2.0 3.0 4.0 5.0 6.0
595 0.000 0.000 - TRM (A/m)
samplo | Temp (°C) N f g q b R* Fpalaco (uT) o
V43.13b| 150-500 11 0.327 | 0.818 | 2971 | -2012 | 0996 100.580 0.181
480-580 7 0688 | 0681 | 9272 | 0643 | 0984 32144 0.033
NRM - sample V43.13b , TRM - Sample V43.13b
8.0 . - : 9.0
8.0 1 8.0
7.0 4 7.0 4
6.0 1 . , 6.0 5 )
5.0 4 " 50
4.0 1 X 4.0 4
3.0 4 - 3.0 1
2.0 20
1.0 1 1.0 4
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Fig. 6.80 - Site V43: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. ‘
Tab. 6.40 - Sitec V43: Palacoficlds estimated and statistical parameters
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Fig. 6.81 - Site V44: Zijderveld diagrams, Intensity and stereo plots.
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MTT (A-B)
NRM

V4d.6a TRM | : :
steps . (Nm) (Afm) MTT (A-B) - AD1839 - Sample V4d.6a
20 2.350 0.000 20 .
100 1680 | 0.179 8 ]
150 1.610 0.204 © 480°
250 - 1.710 0.372 1.6
300 1640 | 0.751 il
330 1.570 0.558
360 1.320 1.055 £ 1.2
380 1150 | 03% | 4 |2, ]
420 0.795 0.457 . § ’
440 0.654 0.483 Z0s
460 0.464 2106
480 1.730 | 1.317 06 1
500 0325 | 3705 0.4
520 - 0.117 4.834
535 0.058 5.837 021
550 - 0.042 7.568 0.0 . . . o v 9__96
565 0.032 8.453 0.0 20 40 6.0 8.0 10.0
580 0035 | 9.02 TR (Afm)
535 0.042 9.306
sample | Temp(°C) | N f g q b R* | Fpataco (uT) | o,
V44.6a *“250-460 5 0.530 0.481 2483 -0.748 0.970 37.385 0.077
**460-535 4 0.1473 0.599 0.820 0117 0.968 - 5.864 0.015
*excluding 390,420,440 :
*excluding 480
NRM - Sample V44.6a TRM - Sample V44.6a
10.0 10.0 '
8.0 - 9.0 1
8.0 4 8.0 -
= 7.0 - 7.0
i 6.0 1 5 6.0
2 5.0 ; 5.0 4
2 40 B 40,
g 3.0 4 g 3.0 -
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Fig. 6.82 - Site V44: a)NRM/TRM plot and respective values, b))NRM demagnetization and
¢)TRM acquisition curves. _
Tab. 6.41 - Site V44: Palaeoficlds estimated and statistical parameters
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Fig. 6.83 - Site V44: Zijderveld diagrams, Intensity and stereo plots.
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MTT (C-D)
V44 6a NRM TRM
steps (Am) (A/m)
= 5000 5000 MTT (C-Dj - AD 1839 - Sample V44.6a
100 0.000 0.000 20
150 1.670 0.524 1.8 4
250 1.680 0.453
300 1740 .| 0568 1.6 1
330 1.640 .0.683 1.4
380 1370 | 0607
390 1.020 100 | ® 12
420 0.638 1.483 2.0
440 0.571 1.964 §
480 ~0.661 2190 08
480 0.584 3.140 06 |
500 0470 .| 4.248
520 0.147 6.480 0.4
535 0.134 7.765 0.2
- [ J
550 0.088 8.848
565 0061 | 9428 0.0 ~r ™ ' - T
580 0.035 0.649 0.0 20 40 6.0 8.0 10.0 12.0
595 0.000 0.000 TRM (Vm)
sample | Temp (°C) N ot g q b R® Fpalaeo (uT) o
V44 6a | 150440 8 0658 | 0702 | 3670 | -0.884 0.907 44.210 0.111-
480-580 8 0375.] 0676 | 2884 | -0.087 0.954 4.343 0.008
NRM - sample V44.6a TRM - Sample V44.6a
10.0 - 10.0 —
9.0 4 9.0
8.0 4 8.0 4
7.0 1 7.0 4
- 6.0 1 6.0 4
5.0 5.0
40 4 4.0 1
3.0 1 3.0
20 20 1
1.0 ’_“\- 1.0
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Fig. 6.84 - Site V44: a)NRM/TRM plot and respective values, b)NRM demagnetization and
¢)TRM acquisition curves. ' ;
Tab. 6.42- Site V44: Palacoficlds estimated and statistical parameters
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Chapter VII
Microwave Palaeointensity Properties

7.1 Introduction

In this chapter, the palaeointensity properties of samples submitted to microwave
experiment will be discussed. As described in section 3.4b, the NRM direction is that
obtained after few demagnetising step at low pbwer, and in “the perpendicular field
palaeointensity method” (Hill, 2000, Kono & Ueno, 1978; Hill & Shaw, 1999), the TRM
m applied perpendicularly to the NRM vector. Cénsequently the total vector should swing
completely-through 90° from the direction of the NRM to the direction of the TRM. If the.
NRM direction does not change throughout the experiment, all the vector end points should
define a single great circle which should go through the constant applied TRM direction
(Dec= "NRM Dec”+ 90°; Inc=0°). The actual behaviour will be described, using stereo
plots, and evaluated, using the angular difference Theta (0) Abetween NRM and TRM
components. These parameters are evaluated using an Excel spreadsheet, lavadata xIs (Hill,
2000), where the total vector of magnetiéation is decomposed into its NRM and TRM
mmpoﬁents using two different methods. All possible slépes, and therefore all thé possible
palaeofields, will be considered on the conventional NRM/TRM plots. Data points will be
accepted if (1) they fell on a straight line, (2) © = 90° and (3) the two vector decomposition
methods give comparable values. Throughou;t, Coe's étatistical p;lrameters (Coe, 1978) will

be given for each palaeofield estimate.

7.2-AD 79-AD 1631

7.2.1 — Site V30
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The vector end points of sample V30.1-1 did not all lie on a great circle. The Dec at
maximum power (188 W) was sbme 50° away from the initial value while the Inc had
stayed almost constant (Fig.7.10a).) NRM and TRM components, obtained after
dewmposing fhe total rﬁagnetization vector, and the angular difference (0) between them
are shown in Tab. 7.1. As suggested by the stereo plot © was only constant during fhe first
six steps which were used to estimate the palaeofield. (Fig. 7.1, Tab. 7.2). Theta increased
progressively from M7 (105W) although its value was. very close to 90° until the last_two
steps. One possible slope has been considered [a] but the fraction of total NRM used was
very smﬂl. However, all the points excluded because, of 8 > 90 or because they did not fell
on the great circle, still seemed to fell on the same straight line [b]. |

7.2.2 — Site V36

In sample V36.13-1 the final vector had its Dec value about 90° away from the NRM
direction, but did not equate to the TRM direction nor did it lie on the same great circle
defined by almost all the other vectors (Fig. 7.10b). Theta (Tab. 7.3) showed a constant
value until the last two steps. The NRM/TRM plots showed one possible slope, excluding
_ the last points (Fig. 7.2, Tab. 7.4). |

7.2.3 — Site V37

In sample V37p8a-1 the Dec showed small changes until the last step when it jumped by
about 90° from the initial NRM value. Although the total vector did not change much it stall
defined a great circle (Fig. 7.10b) and 6 (Tab. 7.5) stayed constant until the last step when
the NRM dropped drastically. The NRM/TRM plots showed one possible slope, even
including the last point although it showed 6= 91.69° (Fig. 7.3, Tab. 7.6). [This because in
the perpendicular field method used to analyse thg microwave palaeointensity a larger error

in 6 seem to be admissible when the NRM component is small.]
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7.2.4 - Site V27

Sainple VZ?.I 0-1

Only five vectors defined a great circle (Fig. 7.10a) while the last three points, did not fell
on it, as alsq showed by the 0 value.(Tab. 7.7). However the NRM/TRM plots> showed one
possible slope, even including the last points. Although the first point, D(NRM), seemed to
be on the same straight line, including it to estimate the palaeofield (slope [b]), gave a quité
different value (Fig. 7.4, Tab. 7.8). |

» Saﬁple V27.10-2 |

The vectors deﬁned two different great circles (Fig. 7.10a). At 75 W (step M6) the
direction changed and the .total vector moved away from the previous direction defining a
different great circle. Theta (Tab. 7.9) was, in fact stable until 75 W, then it started to
increase gradually (except the last point). The NRM/TRM plotsf showed one bossible slope
(a), excluding the points where 6 was > 90°. The slopé [b], which included also the DOINRM)
showed a value comparable with [a] (Fig. 7.5,'i'ab. 7.16). |

7.2.5 - Site V33

In sample V33.12—1 the vector did not define a unique great cﬁcle (Fig. ‘7.10b). At27W
(point n°9) the total vector moved to define a different great circle. Théta (Tab. 7.11) was,
in fact stable until that point., after which it starfed to change gradually (except the last two |
points). The NRM/TRM plots showed one possible slope, excluding thé points where 6 was
- >90° (Fig. 7.6, Tab. 7.12). .

7.2.6 — Site V26 \
On the stereo projection, the vector end point of the total magnetization of sample V26.6b-1
. defined a perfect great circle. It swung from the direction of the NRM through 90° to the

direction of the TRM (Fig. 7.10a). The angular difference between the two directions stayed
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very constant throuéhout the experiments (Tab. 7.13). Althougha stablg NRM direcﬁoﬁ‘can
be hypothesised, something occurred a'lt about 42/46W as the NRM/TRM plots showed a
break on the straight line and two slopes were identified. Therefore two different values of
. the estimﬁted palaeofield were considered (Fig. 7.7, Tab. 7.14). |

7.2.7 - Site V31 |

Sample V31.5-1 & V31.5-2

For bbth samples the vectors defined a gréat ;:ircle (Fig. 7.10a) except for the last five
points. The © values ‘also stayed almost constant for the first 5/7 steps then increased
progressively until the last 2 steps (Tébs. 7.15,17). The NRM/TRM plots showed one
possible slope excluding the last points (even exéluding some which had 0 slightly > 90°)‘
(Figs :7.8,9, Tabs. 7.16,18). In saﬁlple V31.5-2 the first point D(NRM) was also considére;d ‘

because it fell on the same straight line defined by the other points.
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Sample V30.1-1 | Arbitrary Units
Steps |Power (W) x y z Moment | Nrm 10°  Trm 10° theta (°)
D(NRM)| 50 42650 -50010 90460 111816.97 | 117.61 0.00

-50380 -82470 100906.82
-48350 -75180 91690.46
-46220 -74010 89325.03
M10 -45290 -72240 86825.76
M11 43570 -69950 83610.54
M12 -11960 -42310 67690 80716.25
M13 89430 -40600 -65850 77932.71
M14 6430 -33550 -53500 63475.96

Tab. 7.1 - V30.1-1:Values.of NRM lost and TRM gained and their angular difference 0.
In light grey the data used to calculate the palaeointensity.

0 Microwave - AD 79 - 1631- Sample V30.1-1
_120 §  [@lR?=0.954
2 0\‘\\ Fig. 7.1 - Conventional NRM/
5100 - - “TRM plot for sample V30.1-1
s' "8 Statistical parameters relative to the
& 80 - %ob [b] slope and palaeofield estimate are
2 T~ shown in Tab.7.2. Empty diamond
260 ° indicate points excluded from the
e palaeofield calculation.
X 40 - :
b=
o
Z 20
0 T T -
0 10 20 30 40
TRM x 10® (Arbitrary Units)
Power Sample V30.1-1
lrange (W) N f g q b Oy~ |Fpalaeo (uT)| Uncertainty
ua] 58 - 95 6 0.093 | 0.74 0.646 -1.054 0.114 52.681 81.569

Tab. 7.2 - V30.1-1 palaeointensity values and statistical parameters.

Fpalaeo calculated within a range of power applied with the following statistical parameters.
N = number of points used. f = fraction of the total NRM used.

g = gap value e.g. uniformity along x-axis.

q = index of quality of palaeointensity values. uncertainty of palaeointensity values

b = slope. R? = correlation coefficient. ~ ob = standard error of the slope.

For a complete description, see section 3.4b

274



Sampie V36.13-1 | - Arbitrary Units |

Steps |Power (W) x y z Moment [Nrm 10°  Trm 10°  theta (°)
(NRM) |42 54500 145140 55870 164824.50) 175.21 __ 0.00

MS 95 0 81838.45] 53.93 . . 80.
M6 © 98 -37950 -16580 22510 4713596] 2436 - 5042 111.85

Tab. 7.3 -4ﬁ§é.1%:l-:Vﬂues of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palacointensity.

200 Microwave - AD 79 - 1631- Sample V36.13-1
180 ®

160 - R =0.998

[ =4

2140 1

Y Fig. 7.2 - Conventional
£120 1 , - NRM/ TRM plot for sample
3100 i ' V36.13-1

~ Statistical parameters
..2 80 1 : relative to the slope and

x 60 T ° palaeofield estimate are

= 0 shown in Tab.7.4. Empty

zZ ] diamond indicate points_

20 : ’ ° excluded from the
0 : palaeofield calculation.
0 20 40 60 80
TRM x 10* (Arbitrary Units)
Power Sample V36.13-1
range (W) N f | 9 | ¢ b op |Fpalaeo (uT)|Uncertainty

50 -85 4 0.269 | 0.455 | 4.156 -1.903 0.056 95.157 22.899

Tab. 7.4 - V36.13-1 palacointensity values and statistical parameters.

275


file:///37

Sample V37.8a-1 |

Arbitrary Units

Steps | Power (W)

X

y

Z

Moment

Nrm 40°

theta (°)

33

320 M
e——

149210 35460
388

Tab. 7.5 - V37.8a-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity. .

250 Microwave - AD 79 - 1631- Sample V37.8a-1
2200 3 i i
= Fig. 7.3 - Conventional NRM/
2 TRM plot for sample V37.8a-1
E1 50 | Statistical parameters relative to
% the slope and palaeofield estimate
& are shown in Tab.7.6. Empty
" 100 - diamond indicate points excluded
2 from the palaeofield calculation.
* .
=
Z 50
0 L} L} T
0 20 %0 60 80 100
TRM x 107 (Arbitrary Units)
Power Sample V37.8a-1
|range (W) N f g q b Op Fpalaeo (uT) | Uncertainty
| 33-98 8 0832 | 0.548 | 19.429| -1.982 0.047 99.094 5.100

Tab. 7.6 - V37.8-1 ﬁalaeointensity values and statistical parameters.
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1

Sample V27.10-1 |

Arbitrary Units

Nrm

10°  Trm 10°

theta (°)

850 143020 . 0
M6 43620 -2540 121870 129466.03 59.62
M7 -11740 -8600 121220 122090.44] 129.46 58.69 110.41

Tab. 7.7 - V27.10-1:Values of NRM lost and TRM gained and their angular difference 6.

In light grey the data used to calculate the palaeointensity.

Microwave - AD 79 - 1631- Sample V27.10-1

250
[b] R®*=0.976

82001 -~ , Fig. 7.4 - Conventional NRM/
5 \ [a] R"=0.932 TRM plot for sample V27.10-1

> ) Statistical parameters relative to
g1 50 1 ° the slope and palaeofield estimate
2 % are shown in Tab.7.8. Empty
; 100 - diamond indicate points excluded
e ] from the palaeofield calculation.

»

=

x 50 -

2

0 L I
0 20 s 40 60 80
TRM x 10° {Arbitrary Units)
Power | Sample V27.10-1

range (W) N f g q b op |Fpalaeo (uT)| Uncertainty
[b] 62 - 90* 5 0.182 | 0.520 | 1.058 -1.699 0.152 84.945 80.315
[a] 70 - 80 4 0.061 | 0.629 | 0.209 -1.285 0.238 64.255 307.869

*including D(NRM

Tab. 7.8 - V27.10-1 palaeointensity values and statistical parameters.
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Sample V27.10-2 | Arbitrary Units
Steps [Power (W) x y z Moment | Nrm 10°

£2455:

M6 75 1250 -38900 9920549 | 9550 k

M7 78 2060 -30610 -89180 9430953 | ©2.05 31.87 95.83
M8 80 4670 -26660 -86660 90788.33 | 88.95 33.64 97.71
M9 82 4130 -24270 -87510 90907.04 | 89.86 33.75 99.01
M10 88 36210 -7850 -63890 73856.07 | 73.04 61.43 114.04

Tab. 7.9 - V27.10-2:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.

160 Microwave - AD 79 - 1631- Sample V27.10-2
[b] R* = 0.993 '
140 ™. ]
— \ - )
(] . - .
£120 - [a]R2=0.998 - Fig. 7.5 - Conventional NRM/
2 : TRM plot for sample V27.10-2
E‘! 00 4 Statistical parameters relative to
£ % the slope and palaeofield estimate -
S 804 o are shown in Tab.7.5. Empty
- ' diamonds indicate points
2 60 - excluded from the palaeofield
x .
s 40 | calculation.
x
z
20 -
0 L ¥ L3
0] 20 : 40 60 80
TRM x 10° (Arbitrary Units)
Power Sample V27.10-2 :
range (W) N f g q b op |Fpalaeo (uT)| Uncertainty
b} 42 - 70 6 0.242 | 0.727 | 4.104 -1.363 0.059 68.147 16.604
[@a] 50 -70 5 0.157 | 0.646 | 4.465 |. -1.490 0.034 74.495 16.684

*including D(NRM) _
Tab. 7.10 - V27.10-2 palacointensity values and statistical parameters.
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Sample V33.12-1 | Arbitrary Units ]
Steps | Power (W) X _ y z_ Moment | Nrm 10° Trm 10° theta (°)
12__ 36710 24830 -30720 5392468 | 50.35 0.00

27 30020 -26000 4234032 | 38.94 1734 9103

30 -11810 -28050 -25410 39647.78 | 36.02 17.80 91.89
M10 33 6070 27690 -23790 37007.37 | 31.47 21.08 92.82
M11 36 -3620 -24010 -24080 34196.94 | 29.31 20.78 95.73
M12 38 460 -20200 -22690 30382.36 | 25.56 21.36 ~ 99.85
M13 40 - 1250 -16310 -22070 27471.14 | 24.27 20.25 104.42
M14 42 2410 -13140 -21660 25448.44 | 23.76 20.40 110.11
M15 45 4450 -9010 -21160 2342495 | 24.64 2251 - 120.64
M16 47 3460 -920 -20170 2048528 | 35.06 31.29 144.62

Tab. 7.11 - V33.12-1:Values of NRM lost and TRM gained and their angular difference 0.
In light grey the data used to calculate the palaeomtenmty

70 Microwave - AD 79 - 1631- Sample V33.12-1

- B0 ¢

z ] '

s R? = 0.995 | Fig. 7.6 - Conventional NRM/
550 - TRM plot for sample V33.12-1
E ' Statistical parameters relative to
§40 - ° the slope and palaeofield estimate
& ° are shown in Tab.7.12. Empty
230 S diamond indicate points excluded
2 P from the palaeofield calculation.
%20

s

o

210 .

0 - L T L} i
0 1 20 25
' TRM x 10 (Arbltrary Umts)
Power | ' Sample V33.12-1
bange W) N i g q b op - |Fpalaeo (uT)| Uncertainty
| 15-24" 7 0.155 | 0.793 | 3.848 | -1.378 | 0.044 68.915 17.910

Tab. 7.12 - V33.12-1 palaeointensity values and statistical parameters.
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Sample V26.6b-1 | Arbitrary Units 1
Steps |Power (W) «x y z Moment | Nrm 10°  Trm 10 theta (°)
D(NRM)| 35  -39730 91130 -28320 103369.11 0.00

Tab. 7.13- V26.6b-1:Values of NRM lost and TRM gained and their angular diﬁ“e.rence. 0.
In light grey the data used to calculate the palacointensity.

1 20' Microwave - AD 79-1631- Sample V26.6b-1

=100 § :

= . Fig. 7.7 - Conventional NRM/

2 80 TRM plot for sample V26.6b-1

E' ] Statistical parameters relative to

= ) the slope and palaeofield estimate

g ‘60 {a] R" = 0.950 are shown in Tab.7.14. Empty

o : diamond indicate points excluded

2 401 from the palaeofield calculation.

»

s [b] R? = 0.986

14

Z 20 -

0 v 1]
0 50 ) 100 150
TRM x 10 (Arbitrary Units)
Power Sample V26.6b-1 :
lrange W) N f g q b op |Fpalaeo (uT)| uncertainty

[b} 55-148 10 0.650 | 0.814 | 12.509 -0.689 0.029 34.473 2.756
[a] 37-108 10 0.293 | 0.839 | 3.081 -1.726 0.138 86.320 28.013

Tab. 7.14 -V26.6b-1 palacointensity values and statistical parameters.
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Sample V31.5-1 | Arbitrary Units 1
Steps |Power (W) x y z Moment | Nrm 10°  Trm 10° theta (°)
29 51210 -86010 -49450 116574.81] 134.80 0.00

3571
- HR S iy
M6 65 57410 -38580 -36240 78087 53 . 2499 90.46
M7 72 55240 -34480 -34770 73819.24 . 2572 90.59
M8 80 53800 -13670 -29530 62875.51 . 36.97 91.18
M9 82 45310 -10540 -28410 55036.68 . 33.04 92.82
M10 88 36730 15590 -24980 47075.91 . 44.17 101.16
M11 80 12450 12300 -24400 30027.53 . 37.74 129.81

Tab. 7.15 - V31.5-1:Values of NRM lost and TRM gained and their angular dlﬁ'erence 0.
In light grey the data used to ¢alculate the palaeointensity.

Microwave - AD 79 - 1631- Sample V31.5-1

160

140
Fig. 7.8 - Conventional NRM/

"

120

' 2 . TRM plot for sample V31.5-1

;’1 00 - R®=0.999 Statistical parameters relative to the
s slope and palaeofield estimate are

g 80 o ~ shown in Tab.7.16. Empty diamond
>~ © indicate points excluded from the

2 60 1 o palaeofield calculation.

E . .

= 40 °

2 ° (-

20
0 T 7 T —
0 10 gO 30 40 50
TRM x 10° (Arbitrary Units) :
Power B Sample V31.5-1
nge (W) N . f g q b op |Fpalaeo (uT)| Uncertainty
l 31-58 5 0.239 | 0.703 | 7.663 -1.535 0.034 76.734 10.013

Tab. 7.16 - V31.5-1 palacointensity values and statistical parameters.
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Sample V31.5-2 |

RM);

' 92
M10 68 1910 -55490 29790 64087.05
M11 75 550 -49730 26600 56399.78
M12 78 1860 -44710 26360 51935.47
M13 82 2740 -42650 25570 - 49803.16
M14 88 7540 -38000 24120 45635.80
M15 90 13300 -29910 22820 39903.01

Arbitrary Units |
Steps | Power (W)  x y z Nrm 10°  Trm 10° theta (°)

60.73 21.07 90.52
49.10 28.59 90.96
44.92 27.51 91.79
4268 27.20 92.01
36.72 29.08 92.99
29.05 30.76 96.36

Tab. 7.17 - V31.5-2:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.

120 Microwave - AD 79 - 1631- Sample V31.5-2

200

= Fig. 7.9 - Conventional NRM/

2 TRM plot for sample V31.5-2

>80 2 b .

E R"=0.993 Statistical parameters relative to

= the slope and palaeofield estimate
s 60 - © are shown in Tab.7.18. Empty
o ° diamond indicate points excluded
240 & from the palaeofield calculation.

x - .

E o

Z 20 1

o 0 T ¥
0 - 10 5, 20 30 40
TRM x 10 (Arbitrary Units)
Power Sample V31.5-2 _
nge (W) N f g q b op |Fpalaeo(uT)| Uncertainty
| 28-62 10 0.369 | 0.800 | 9.806 -1.629 0.049 81.464 8.308

Tab. 7.18- V31.5-2 palaeointensity values and statistical parameters.
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AD 79 - 1631 lava flows specimens

' V26.6b-1 V30.1-1.
. Power Range = 35-148 W, Power Range = 50 - 188 W
N=16 N=15

V27.10-1. V27.10 -2 .

Power Range = 62 - 108 W ’ Power Range = 42 -88 W
N=8 -

A
A

Power Range =29 -S0W ' Power Range = 28 -90 W
N=12 - ’ . N=16

]
Fig. 7.10a. Stereo plots showing total vectors moving from the measured NRM( B ) towards
the applied TRM direction (O ) along great circles.

Dashed great circles show secondary direction. Dark triangles indicate points used to
calculate the palacointensity. 283 :



AD 79 - 1631 lava flows specimens

V36.13-1:
Power Range =42 -98 W
N=7

V33.12-1
Power Range = 12 47W

V37.8a - 1
Power Range = 33 -108 W
'N=9 ’

Fig. 7.10b. Stereo plots showing total vectors moving from the measured NRM( B ) towards
the applied TRM direction ( 1) along great circles.

Dashed great circles show secondary direction. Dark triangles indicate points used to
calculate the palacointensity. '
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7.3-AD 1697

7.3.1 — Site V28

In sample V28.1-2 only the first four data points were considered. All the other vectors
moved gradually away from the great circle (Fig. 7.15) and the 0 value dici not change  '
drastically until the last point (Tab. 7.19). The NRM/TRM plots showed one possible slope ,
/including the first point D(NRM) which fell on the same straight line defined by the |
following three points (Fig. 7.11, Tab. 7.20).

7.3.2 — Site V29

Sample V29.7-1 All the vectors defined a great circle (Fig. 7.15) but at 175 W the Dec
was only some 50° away from the initial value. The NRM direction was very stasle as
shown by the © value (Tab. 7.21). The NRM/TRM plots showed one possible slope using |
all the data points (Fig. 7.12, Tab. 7.22).

Sémple V29.7-2 The vectors defined two different great circles (Fig. 7.15). At 92 W
(step M4) the total vector moved away to define a different great circle. Theta value (Tab.
7.23) was stable until that point, then it started to inprease gradually. The points where 0 was
> 90° were then excluded (Fig. 7.13, Tab. 7.24) and the NRM/TRM plots showed one
possible slope [a]. A second one has been considered [b] in;:luded b(NRM), and showed a
slightly different result.

7.4 -AD 1714 (1906)

7.4.1 — Site V38

In sample V38.p6a-1 the Dec moved some 50° away from the initial NRM direction.
Only the first five points defined a great circle. At the last step the vector jumped away by
about 60° (Fig. 7.15). Theta (Tab. 7.25), although <90°, increased slightly until the 5™ steﬁ

when 1t started to change more clearly while at the last step, it changed drastically. The
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NRM/TRM plots showed one possible slope although another one could has been
considered including also the point with 90‘5< 0 <93° (Fig. 7.14, Tab. 7.26).

7.5-AD 1754

7.5.1 — Site V39

Sample. V39.10b-1 & V39.10b-2

Both samples behaved sirniiarly. Almost all the data points fell on a straight line on the
NRM/TRM plots but only the first 6/7 points were on the gregt_ circle towards TRM

(Fig.7.21). The 0O values also stayed almost constant for the first few steps then it increased -

slightly until the last steps where changes were more evident (Tabs. 7.27,29). The |

NRM/TRM plots showed one possible slope, excluding all the points with 8 < 90° and not
falling on the great circle (Figs. 7.16,17; Tabs. 7.28,30).

7.5.2 — Site V40

Only the first six points defined a great circle towards the TRM (Fig. 7..21); At about 80
W the total vector moved away from the previous direction. Theta angle (Tab. 7.31) showed,
little change until that point, after which it stai'ted to gradually increase.. Above 95 W the
changes were more drastic. NRM/TRM plot ;showed one possible slope even including the
first point D(NRM) (Fig. 7.18, Tab. 7.32).

7.5.1 - Site V41

Sample V41.4a-1 & Val.da-2 |

For both samples only the first six vectors lay on the great circle (Fig. 7.21) while thé last
points moved away from it, accompanied by a clear change in thele values (Tabs. 7.33,35).
The NRM/TRM plots showed one possible ‘slopé, excluding fhe last two points and also
including the ﬁrst point D(NRM) which fell on the same straight line (Fig. 7.19,20 Tabs.

7.34,36).
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Sample v28.1-2 |

Arbitrary Units

Steps

z

Moment | Nrm 10°

Trm 10°

theta (°)

144.59

57.53

M4 72 66900 120700 155239.52

M5 75 63700 119100 -70700 152449.96| 141.34 58.38 90.51
M6 80 25500 107500 -58600 125061.82} 103.14 7277 91.13
M7 82 20800 92100 -58600 111126.10] 92.81 65.30 92.51
M8 88 -55400 57700 -34200 86994.77 | 37.93 92.59 110.37

Tab. 7.19 - V28.1-2:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1697- Sample V28.1-2
300
@

2250 i :

£ Fig. 7.11 - Conventional NRM/
5 R?=1.000 TRM plot for sample V28.1-2
E.ZOO ] Statistical parameters relative to
s the slope and palaeofield estimate
£150 - ° are shown in Tab.7.20. Empty
< diamond indicate points excluded
?‘. 100 | o o from the palaeofield calculation.
§

2 50 -

°
0 T T . : -
0 20 40 60 80 100
TRM x 10° (Arbitrary Units)
Power Sample V28.1-2
|range (W) N f g q b op |Fpalaeo (uT) | uncertainty
50 - 70* 4 0.338 | 0.615 | 19.262 -1.697 0.018 84.828 4.404
60-70 3 0.230 | 0.390 | 4.644 -1.710 0.033 85.506 18.412
*including D(NRM)

Tab. 7.20 - V28.1-2palaeointensity values and statistical parameters.
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Sample V29.7-1

-68200 -242200 -144500 290159 15

| Arbitrary Units |
Steps | Power (W) y z Moment | Nrm 10°  Trm 10° theta (°)
G (NRM)|___100 0.00

Tab. 7.21 -V29.7-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palacointensity.

Microwave - AD 1697- Sample V29.7-1
350

_300 ¢

2 Fig. 7.12 - Conventional NRM/

5250 - TRM plot for sample V29.7-1

E' Statistical parameters relative to

5200 the slope and palaeofield estimate

2 are shown in Tab.7.22. Empty

“54 50 4 diamond indicate points excluded

= from the palaeofield calculation.

%100 -

=

4

Z 50 -

0 L T 1
0 40 80 100
TRM x 10 (Arbltrary Units)

[ Power | Sample V29.7-1
Irange m N f g q b op |Fpalaeo (uT) |Uncertainty
100 - 175 9 0.499 | 0.732 | 14.154| -1.918 0.050 95.891 6.775

Tab. 7.22 - V29.7-1 palaeointensity values and statistical parameters.
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Sample v29.7-2 | Arbitrary Units |
Moment | Nrm 10°  Trm 10°

90065:01.

z

theta (°)

79940

M4 46380 6320 .36090 59106.13 | 42.2: 46.03 ‘00.65
M5 95 28980 540 -35130 45543.92 | 3925 42.82 112.76
M6 98 12210 20360 -29570 37920.95 | 7576 86.09 153.90

Tab. 7.23 - V29.7-2:Values of NRM lost and TRM gained and their angular difference ©.
In light grey the data used to caiculate the palacointensity.

Microwave - AD 1697- Sample V29.7-2

2 .
R [b]R"=0.994 Fig, 7.13 - Conventional NRM/

TRM plot for sample V29.7-2 ]
Statistical parameters relative to the

-

[4,)

o
L

8
=
=]
2 _
E (2] R? = 1.000 slope and palacofield estimate are
g shown in Tab.7.24. Empty diamond
100 4 indicate points excluded from the
) palaeofield calculation.
»x ° '
=
50 A
g o ©
0 T T k] k]
0 20 40 60 80 100
TRM x 10° (Arbitrary Units) :
Power | . Sample V29.7-2
lrange W) N f g q b op |Fpalaeo (uT)| Uncertainty
[b}50 - 90* 4 0.649 | 0.530 | 6.121 -2.020 0.114 100.996 16.501
[a] 60 - 90 3 0.519 | 0.328 | 9.475 -1.913 0.034 95.637 10.094

*including D(NRM)

Tab. 7.24 - V29.7-2 palaeointensity values and statistical parameters.
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Sample V38.6a-1 | Arbitrary Units 1
Steps |Power (W) x y 3 Moment | Nrm 10°  Trm 10° theta (°)
D(NRM)| 42 48040 -60350 131055 B8004.72 | 146.97 0.00

04

92211 79270.31 ) 42.97

87822 7349240 | 78.09 43.34

83690 71707.59 | 72.49 4593

52380 80843 66156.08 | 70.35 44 80

M10 34160 110027 64097.05 | 84.64 152.44

Tab. 7.25 - V38.6a-1:Values of NRM lost and TRM gained and their angular difference .
In light grey the data used to calculate the palaeointensity.

160 Microwave - AD 1714(1906)- Sample V38.6a-1
¢
140 | _
) . .
£120 R? =0.970 Fig. 7.14 - Conventional NRM/
> TRM plot for sample V38.6a-1
2100 - _ Statistical parameters relative
£ \ o to the slope and palaeofield
2 80 1 % ' estimate are shown in
> \ Tab.7.26. Empty diamond
2 60 1 indicate points excluded from -
x -
= 40 | the pa.laepﬁeld calculation.
[ oo
Z
20 -
0 T T —
0 50 ) 100 150 ) 200
TRM x 10° (Arbitrary Units)
Power | Sample V38.6a-1 ,
ilange w) N f g g b op |Fpalaeo (uT)} Uncertainty
I 45 -60. 5 0.170 | 0.716 | 1.209 -1.567 0.158 78.341 64.789

Tab. 7.26 - V38.6a-1palaeointensity values and statistical parameters.
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AD 1697 lava flow specimens

'V29.7 -2

Power Range = 50 -98 W
N=7

1
1
]
]
1
1
A}

V2971
Power Range = 100 -175 W'

V28.1-2
.Power Range = 50 -88 W
N=9

AD 1714 lava flow Specifnen

'V38.6a - 1
Power Range = 42 -78 W
N=11

Fig. 7.15. Stereo plots showing total vectors moving from the measured NRM(@S) towards
.the applied TRM direction ( [0 ) along great circles.

Dashed great circles show secondary direction. Dark triangles indicate pomts used to
calculate the palaeointensity.
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Arbitrary Units

90

Sampie V39.100-1 | |
Steps |Power(W) x Yy z Moment | Nrm 10° Trm 10° theta (°)
D (NRM) 37 .. 32580 42750 -70230 9259440 | 96.5 e

82 41490 -58950 7422573 | 72. 18.03 91.02
M11 90 40780 -53660 67868.14 | 63.83 24.75 91.46
M12 95 36170 -53530 64981.46 | 61.72 23.70 92.91
M13 102 32580 -49200 59025.66 | 54.13 28.55 94.85
M14 108 -8600 22810 -46130 52175.02 | 48.28 32.25 102.03
M15 110 -14730 5470 -40200 4324555 | 48.79 41.03 123.23

Tab. 7.27 - V39.10b-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palacointensity.

. Microwave - AD 1754- Sample V39.10b-1
120
200 ; .
= 9 - Fig. 7.16 - Conventional NRM/
5 R"=0.995 TRM plot for sample V39.10b-1
E‘ 80 - Statistical parameters relative to the
s ’ slope and palaeofield estimate are
260 - ® shown in Tab.7.28. Empty diamond
= ° . o indicate points excluded from the
240 | palaeofield calculation.
»
Z
=2 20 -
o T T T T
0 10 20 30 40 50
TRM x 10 (Arbitrary Units)
Power | Sample V39.10b-1
lrange W) N f g q b op |Fpalaeo (uT)| uncertainty
22-78 9 0.170 | 0.795 | 5.079 | -1.399 | 0.037 69.935 13.770

Tab. 7.28 - V39.10b-1 palaeointensity values and statistical parameters.
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1
0 e
M8 -39300 2180 -51050 6446230 | 62.03 90.83 1
M9 -37670 -550 49480 62190.05 | 59.18 91.25
M10 -36090 -360 49370 6115566 | 58.41 91.67
M11 -34980 -3150 47820 59331.91 55.87 91.92
M12 -31230 -5050 -45980 55820.21 52.25 93.08
M13 -20650 -17100 -39220 47508.32 | 40.82 98.72
M14 78 1120 -15180 -36210 38279.14 | 46.47 126.84

Sample vV39.100-2 ] Arbitrary Units 1
Steps | Power (W)  x z Moment | Nrm 10°  Trm 10° @ theta (%)
D(NRM)] 17 47660 55000 0.00

Tab. 7.29 - V39.10b-2: Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palacointensity.

Microwave - AD 1754- Sample V39.10b-2
100

w0y

£ 80 1 R? = 0.989 Fig. 7.17 - Conventional NRM/

S 70 ) TRM plot for sample V39.10b-2

E‘ Statistical parameters relative to the
£ 601 LR slope and palaeofield estimate are
€ 50 | ° shown in Tab.7.30. Empty diamond
2 0l | o ° indicate points excluded from the
= palaeofield calculation.

x 30

Z 20

Z

10
0 L T L LS
0 10 ?0 30 40 50
TRM x 10° (Arbitrary Units)
Power Sample V39.10b-2
Irange wm) N f g q b op |Fpalaeo (uT)| Uncertainty
| 33 -60 7 0.209 | 0.806 | 3.526 -1.565 0.075 78.244 22.193

Tab. 7.30 - V39.10b-2 palacointensity values and statistical parameters.
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Sample V40.7b-1 |

Arbitrary Units

X

Nrm 10°  Trm 10° theta (°)

~28220-

=101:91 00

M6 80 -34140 23840 63350 75809.68 | 73.72 19.34 91.24
M7 82 -33530 20440 61450 72925.70 | 70.46 21.02 81.72
M8 85 -31710 16580 58180 68303.24 | 65.59 22.00 92.40
M9 88 -30130 10610 55710 64218.32 |. 60.89 2513 84.03
M10 80 -28090 9300 55850 63204.12 | 60.30 25.34 95.33
M11 95 -26350 -6450 48440 55518.99 | 49.89 35.33 100.71
M12 98 .9790 -6490 48330 49736.84 | 53.79 35.32 116.03

Tab. 7.31 - V40.7b-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1754- Sample V40.7b-1
120

2100 9.

2 ~ea R?= 0953 Fig. 7.18 - Conventional NRM/

5 _ \\ TRM plot for sample V40.7b-1

; 80 1 o Statistical parameters relative to the
s ° o slope and palaeofield estimate are
£ 60 - ° shown in Tab.7.32. Empty diamond
< 3 indicate points excluded from the
® 40 | palaeofield calculation.

< 10

=

2 20 -

0 T T T
0 10 20 30 40
TRM x 10° (Arbitrary Units)
Power Sample V40.7b-1
frange W) N f g q b op |Fpalaeo (uT)| Uncertainty
46 - 75" 6 0.227 | 0.723 | 2.554 | -1.390 | 0.089 69.500 27.216
50 - 75 5 0.131 | 0.702 | 0.733 | -1.450 | 0.182 72.486 98.856
*including D(NRM)

Tab. 7.32 - V40.7b-1palacointensity values and statistical parameters.
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Sample V41.4a-1 | ] Arbitrary Units |
Steps |Power (W) x y z Moment [ Nrm 10°  Trm 10° theta (°)

e~

-82440 -187460.-66560 215331.93 | :223:04 -
190718 4t

M5 80 67610 -133780 -39450 154998.40}] 103.09 116.03 o 90.16
M6 82 50640 -68990 -38830 93977.65 57.89 78.00 : 93.84
M7 85 40620 -30360 -36090 62243.09 39.53 60.79 106.74
M8 88 25090 17880 -33640 45616.36 | 1847.07 1862.34 178.69

Tab. 7.33 - V41.4a-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity. '

Microwave - AD 1754- Sample V41.4a-1
250 I
F200 - \\ R?=0.998 Fig. 7.19 - Conventional NRM/
S | TRM plot for sample V41.4a-1
ta il Statistical parameters relative to
£150 1 the slope and palacofield estimate
2 are shown in Tab.7.34. Empty
200 ° diamond indicate points excluded -
e from the palacofield calculation.
»
=
& 50 - °
2 [
0 _ - .
0 50 . 100 150
TRM x 10° (Arbitrary Units)
Power | ‘Sample V41.4a-1
Prange w) N f g q b op | Fpalaeo (uT) | uncertainty
[26-72° 5 0.192 | 0.742 | 5.347 | -1.460 | 0.039 72.996 13.652
50 - 72 3 0.135 | 0.656 | 2514 | -1.510 | 0.053 75.519 30.038
*including D(NRM})

Tab. 7.34 - V41.4a-] palaeointensity values and statistical parameters.
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Sample V41.42-2 |

Arbitrary Units

Steps

Moment

D.(NRM)-

28160 71610
4780 54300
-40460 21630

26750 60719.86
21260 50565.36

72
75

Nrm 10°

188.32 227.65

Tab. 7.35 - V41 4a-2:Values of NRM lost and TRM gained and their angular difference ©.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1754- Sample V41.4a-2
250
2200 1 ° Fig. 7.20- Conventional NRM/
5 TRM plot for sample V41.4a-2.
; ° Statistical parameters relative to the
5150 1 slope and palacofield estimate are
3 R? = 0.992 shown in Tgb.7.36. Empty diamond
100 | indicate points excluded from the
e palaeofield calculation.
»
=
X 50 °
= °
o 1 L L} L}
0 50 1,00 150 200 250
- TRM x 10° (Arbitrary Units)
Power Sample V41.4a-2
lrange W) N f g q b op |FpPalaeo (uT)| uncertainty
50 - 68* 6 0.452 | 0.735 | 8.899 1.225 0.046 61.269 6.885
55 - 68 5 0.368 | 0.652 | 4.530 -1.223 0.065 61.174 13.504
*including D(NRM)

Tab. 7.36 - V41 4a-2 palaeointensity values and statistical parameters.
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AD 1754 lava flow specimens

NTRM

V39.10b-2
pwer Range = 17-78W:
N=15"

V39.10b-1

Power Range = 37 -110 W
N=18

V40.7b-1
Power Range = 46 S8 W
N=13:

NRM

V41.4a-2
Power Range =50 -72 W -
N=8

V41.4a-1 NRM#§

Power Range = 46 85 W .
N=8

Fig. 7.21. Stereo plots showing total vectors moving from the measured NRM( H ) towards
the applied TRM direction ( O) along great circles.

Dashed great circles show secondary direction. Dark triangles indicate points used to
calculate the palaeointensity. 297



7.6 —AD 1760

7.6.1 — Site V32

Samples V32.13-1 & V32.13-2 In sample 13-1 almost all the vectors moved away from
the defined NRM/TRM great circle (Fig. 7.28) except for the first 4/5 points, as also shown

by the 0 values (Tab. 7.37). Theta, in fact, started to change gradually starting from 60W -

until it reached 78W where it changed more drastically. The NRM/TRM plots showed one
possiblé slope and even the excluded points that showed 6 >90° seem to fell on the same
straight line (except for the last one). Including the first point DINRM) did not change the
palaeointensity estimate (Fig. 7.22, Téb. 7.38). A demagnetisation experiment using
microwave has been also carried out on a sister sample, 13-2, to check the stability of the
NRM. As shown in Tab. 7.39 both Dec and Inc were very stable until the end of the
experiment but at the maximum power applied, which is also the maximum available, the
moment was nof demagnetised completely and there was some 30% left (Fig. 7.23).

7.6.2 — Site V35

Samples V35.9b-1 & V35.9b-2 All the vectors defined a unique great circle (Fig. 7.28)
but at 182 W the Dec was only some 40° away from the initial value. The NRM direction
was very stable as shown by the 6 value (Tab. 7.40) but the NRM/TRM plots showed two
possible slopes, [a] at low power (58-125\V)vand [b] at high power (1 25-175W), excluding
the last two points (Fig. 7.24, Tab. 7.41). Another péleointensity estimate has been
calculated, [c], considering the entire spectra of power. The demagnetiéation of the sister
sample 9b-2 showed a quite stable NRM, especially in declination, up to IGSW where ﬁere
was some 20% of the moment still remaining (Fig. 7.25, Tab. 7.42).

7.6.3 — Site V34 v

Sample V34.8-1 & V34.8-2 For both samples the vectors defined a great circle (Fig. 7.28)
but the Dec did not swing gﬁdually towards the TRM direction. The total vector jumped of

about 50° at the last point but did not lie on the great circle. This behaviour was also clearly
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shown by the 0 values (Tabs 7.43,45). The NRM/TRM plots showed one possible slope, for
both samples, considering only the first 6/7 two points (Figs. 7.26,27, Tabs. 7.44,46).
7.7-AD 1806 |
_7.7.1-Site V25

Sample V25.2-1 The vector end point of the total magnetization defined an almost perfect
great circle and it swung from the direction of the NRM through 90° to the direction of the
TRM (Fig. 7.33). The angular difference between the two direc’don_s had stayed very
constant throughout the experiments (Tab. 7.47) and a stable NRM direction can be
hypothesised until at least 7SW. The NRM/TRM p_lo_ts showed a concave shape and the last
four points can not be considered because they were slightly away from the great circle
although 6 was still about 90°, except the last point (Fig. 7.29, Tab. 7.48).

Sample V25.2-2 Almost all the points did not lie on the Qeat circle defined by the
NRM/TRM directions but they seemed to define a secondary direction (Fig. 7.33). The
0 angles showed unacceptable behaviour; in fact it was always bigger then 90° (Tab. 7 49).
Therefore, no aéceptable palaeofield were estimated from this sample (Fig. 7.30).

7.7.2 —- Site V24

Sample V24.3-1 & V243-2In sé.mple 3-2, only the veétors within the range 17 - 27 W
lay on the NRM/TRM great circle while the other vectors seeﬁed to follow a sécondary_
direction (Fig. 7.33). The angular difference 0, increased slighﬂy until step M7 afier which
the increases were more significant (Tab. 7.50). Only the points which showed 9- <90° were
considered and‘ from the NRM/TRM pldts one slope and one value of the pa.laeéﬁeld were
estimated although its statistical parameters were not well defined (Fig. 7.31, Tab. 7.51).
The demagnetisation of the sister @ple 3-1 showed a quite stable Inclination while thé
Declination increased progressively to about 5°, up to 152W where there was some 10% of

the original moment still remaining (Fig. 7.32, Tab. 7.52).

299



Sample V32.13-1 | Arbitrary Units |

Steps

Power (W) X y z Moment

M10

93810 _100560.57

65 -43150 -2030 93204.89
68 -39910 -1690 92094.22
72 -38080 -4750 80980 89612.55
78 -31730 -14140 74120 81856.62
80 -13660 -21420 67420 72047.68
82 19480 -8950 59800 63526.47

Nrm 10°  Trm 10° theta (°)

90.59 2463 91.62
89.93 24.31 92.59
86.97 26.73 93.06
77.42 34.06 94.94
69.76 4313 104.80
103.04 7987 - 141.95

Tab. 7.37 - V32.13-1:Values of NRM lost and TRM gained and their angular difference .
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1760 - Sample V32.13-1
140
120 # » _ ‘
2 . R®=0.988 Fig. 7.22 - Conventional NRM/
5100 - \ S TRM plot for sample V32.13-1
oy o, Statistical parameters relative to the
g 80 - ° slope and palaeofield estimate are
2 ° shown in Tab.7.38. Empty diamond
:5, 60 - indicate points excluded from the
o palaeofield calculation.
X 40 - '
=
(4
Z 20
o T T T R §
0 20 t} 60 80 100
TRM x 10” (Arbitrary Units)
Power Sample V32.13-1
lrange W) N f g q b op |FPalaeo (uT)| Uncertainty
33 -60* 5 0.181 | 0.722 | 3.234 -1.011 0.041 50.548 15.632
40 - 60 4 0.114 | 0.645 | 0.937 -1.008 '0.079 50.378 53.751
*including D(NRM) ' :

Tab. 7.38 - V32.13-] palaeointensity values and statistical parameters.
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Sample V32.13-2 Arbitray Units

Steps Power Moment |Dec Inc .
Demag (watts) 100 | Tab. 7.39 - Directional and Intensity values
NRM O 84.3 172.2 169.3 of sample V32.13-2.
1 17 82.5 171.2 168.7

2 33 79.2 170.8 |68.4

3 40 78.6 170.3 |68.5

4 45 77.6 170.8 |67.5

5 52 76.9 170.2 |68.0

16 62 - 1719 170.3 {68.2

7 75 l67.2 169.2 |68.2

8 88 46.7 171.5 1671

9 100 42.2 170.8 [67.7

10 112 30.2 170.6 168.2

11 125 26.7 174.2 |67.5

12 138 26.0 173.1 |168.3

13 150 25.2 171.6 {67.5

14 162 29.2 166.7 |72.3

15 175 25.8 174.2 |68.3

Moment 10°
(microwave arbitrary units

1
1

Microwave Demagnetisation - V32.13-2

©
o

D N ®
o
.

ol

A

N WA O
o
| I |

-
o o

T T L T T T T T T

20 40 60 80 100 120 140 160 180 200
Power (watts)

(=]

Fig. 7.23 - NRM demagnetisation of sample V32.13-2, using microwave, to check
the behaviour of the NRM and in particular the stability of Dec and Inc throughout
the experiment. '
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Sample V35.9b-1 | Arbitrary Units i
Steps X y z Moment | Nrm 10°
D (NRM)| .. 50" .- -79950 - -31530  -39140 9443560 .. 97,82

981476171 ~ 48380 0
- 51848.30 | 4343
182 -21660 -38650 -24990 50867.26 | 42.48

Tab. 7.40 - V35.9b-1:Values of NRM lost and TRM gained and their angular difference 0.
In light and dark grey the data used to calculate the palaeointensity.

Microwave - AD 1760- Sample V35.9b-1
120
[a] R? = 0.980
=100 3. ) .
= Fig. 7.24 - Conventional NRM/
o TRM plot for sample V35.9b-1
2 80 4 Statistical parameters relative to
] [b] R? = 0.998 the slope and palaeofield estimate
3 60 1 --4cIR*=0.988 : are shown in Tab.7.41. Empty
~ diamond indicate points excluded
'23 40 - & _ from the palaeofield calculation.
»
=
Z 20 -
0 L 1 T
0 10 3 20 30 40
TRM x 10° (Arbitrary Units)
Power Sample v35.9b-1
range (W) N f g q b op |Fpalaeo (uT)| Uncertainty
50-125* | 7 | 0108 | 0./88 | 1321 | -0991 | 0.064 [ 49.526 37.500 |
[a) 58- 125 6 0.086 { 0.731 0_.891 -0.916 0.065 45.821 51.41_2
[b] 125-17 8 0.397 | 0.730 | 17.090 -1.6ﬂ 0.029 ﬁ84.034 4917
50- 175* 14 0.505 | 0.824 | 12.772 -1.507 0.049 75.362 5.900
[c] 58-175 13 0.484 | 0.810 | 11.765 -1.5634 0.051 76.709 6.520

Tab. 7.41 - V35.9b-1palaeointensity values and statistical parameters.
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Sample V35.9b-2 Arbitray Units

Steps Power Moment [Dec Inc

Demag (watts) 10° Tab. 7.42 - Directional and Intensity values
NRM 0 078 |1655]-26.8 of sample V35.9b-2.
1 17 107.2 {1656 |-25.8

2 a7 1057  |165.0 |-25.7

3 50 - |04 |1649|256

4 82 . |101.3 |1650][-255

5 75 . |o7.1 165.1 |-25.4

6 80 94.8 165.2 |-25.4

7 88 81.7 165.0 |-25.1

8 100 44.2 164.3 |-24.0

9 120 21.4 165.1 {-23.5

10 128 21.8 164.2 |-23.0

11 138 21.4 165.6 [-23.2

12 140 20.1 167.2 |-17.8

13 142 188 - |163.4 [-22.4

14 155 182 165.8 |-24.1

15 165 18.2 163.2 |-22.0

Microwave Demagnetisation - V35.9b-2
120

% 100 - "

3
> E 80
=35
g 5 60 -
S §

2 40

g

:E, 20 -

o L ) L T T T L} T
o 20 40 60 80 100 120 140 160 180
Power (watts)

Fig. 7.25 - NRM demagnetisation of sample V35.9b-2, using microwave, to check
the behaviour of the NRM and in particular the stability of Dec and Inc throughout

the experiment.
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Sample V34.8-1 | Arbitrary Units ]
Steps | Power (W) z Moment | Nrm 10°  Trm 10° theta (°)
-49960 118063.20 | 123.11
o Luesee B

5905908

M7 90 70020 -17520 -37640 81403.44 | 7222 38.42 90.68
M8 95  -14370 -90550 -27310 95664.18 | 32.05 101.03 108.77

Tab. 7.43 - V34.8-1:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1760- Sample V34.3-1
140

_a209

2 , _ Fig. 7.26 - Conventional NRM/

5100 - R*=0.999 TRM plot for sample V34.8-1

2 ' ' Statistical parameters relative to the

g 80 A slope and palaeofield estimate are

2 ° shown in Tab.7.38. Empty diamond

< 60 - indicate points excluded from the

k] palaeofield calculation.

X 401

= °

Z 201

o L T M L L
0 20 40 : 60 80 100 120
TRM x 10” (Arbitrary Units)

[ Power | ’ . Sample V34.8-1
lmnge w) N f g q b op |Fpalaeo (uT)| Uncertainty
L37 -72 6 0.259 | 0.564 | 8.519 -1.270 0.022 63.490 7.452

Tab. 7.44 - V34.8-1 palaeointensity values and statistical parameters.
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Sample V34.8-2 | Arbitrary Units ]

Steps [Power(W) x y z Moment | Nrm 10°  Trm 10° theta {°)
D(NRM)| 37 __ 123080 43700 -53760 142024.18 | 147.46 0.00
M 3 F47405533 8105743956333 A5G o

M8 60 97930 3420 -43560 107235.51| 101.09 36.25 90.27
M9 62 94890 4890 -43260 104400.44 ) 97.94 36.79 90.38
M10 68 90970 71620 -33220 120451.37| 70.33 98.06 80.23
M11 70 26440 52710 -33660 67900.02 § 35.48 66.92 103.73

Tab. 7.45 - V34.8-2:Values of NRM lost and TRM gained and their angular difference 9.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1760- Sample V34.8-2
160
_140 1f :
] 0 R?=0.994 Fig. 7.27 - Conventional NRM/ |
£120 1 | TRM plot for sample V34.8-2
2100 | 'y - Statistical parameters relative to the
_.g slope and palaeofield estimate are
R 80 A shown in Tab.7.42. Empty diamond
ns-— © indicate points excluded from the
© 60 1 palaeofield calculation.
»
5 40 °
2.
0 T T T LI +
0 20 40 ) 60 80 100 120
TRM x 10° (Arbitrary Units)
[ Power Sample V34.8-2
{range (W) N f g q b op |Fpalaeo (ul) | Uncertainty
|_42 -58 7 0.213 | 0.777 | 4.620 -1.288 0.046 64.380 13.834

Tab. 7.46 - V34.8-2 palaeointensity values and statistical parameters.
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AD 1760 lava flow specimens

V32.13- 1
Power Range = 33 -80,
_ "N=10

. V359- 1:
Power Range = 50 -182W
N=16 .

V34.8-2.

Power Range =37 -7T0W’
N=12

V348-1
Power Range = 37 -95 W~
N=9"

Fig. 7.28. Stereo plots showing total vectors moving from the measured NRM( & ) towards

the applied TRM direction ( O) along great circles.
Dark triangles indicate points used to calculate the palaeointensity.
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Sample v25.2-1 | Arbitrary Units 1
Steps |Power W) x y z Moment | Nrm 10°  Trm 10° theta (°)
D (NRM) 1 20X 33360 -18546! 142.63 | 228 0.00

M15 88 56880 -81900 -95840 138346.07| 97.82 97.92 90.06
M16 105 82130 -96160 -83510 151545.38] 84.43 126.11 80.19
M17 120 110020 -1E+05 -72220 174436.49) 7250 159.06 90.33
M18 135 188330 -2E+05 -39410 251532.46| 41.72 249.18 91.57

Tab. 7.47 - V25.2-1:Values of NRM lost and TRM gained and their angular difference 0.
In light grey the data used to calculate the palaeointensity. '

Microwave - AD 1806 - Sample V25.2-1 '
250
Py Fig. 7.29 - Conventional NRM/

— TRM plot for sample V25.2-1

5200 - Statistical parameters relative to

5 the slope and palaeofield estimate

Fay are shown in Tab.7.46. Empty

5150 i 5 diamond indicate points excluded

3 R*=0.987 from the palacofield calculation.

100 - °

- °

* o

E 50

Z °

0 1} L Ll T T
0 50 100 3 150 200 - 250 300
TRM x 10° (Arbitrary Units)

Power | Sample V25.2-1
I@nge w) N f g q b op |Fpalaeo (uT)| Uncertainty
[ 26-75 14 0.308 | 0.878 | 8.105 -1.198 0.040 59.904 7.391

Tab. 7.48 - V25.2-1 palacointensity values and statistical parameters.
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Sample V25.2-2 |} Arbitrary Units 1

Steps jPower(W) x y z Moment [ Nrm 10°  Trm 10° theta (°)
D (NRM) 26 -34560 -13790 -48010 60741.40 66.57 0.00

M1 28 -21580 -30810 48110 61073.37 57.49 21.12 90.51
M2 29 -12300 -25450 -48300 55963.22 52.77 23.22 94.50
M3 30 -9280 -22920 -48270 54236.73 51.61 24.17 97.05
M4 31 -8230 -21680 -48470 53731.71 ] 51.49 24.58 98.37
M5 32 - H£210 -20050 47470 51903.44 50.06 25.18 100.20
M6 33 -2910 -18120 47840 51239.32 50.21 27.75 103.83
M7 35 -340 -14530 47690 49855.52 50.72 29.67 108.75
M8 36 2720 -10420 -47230 48442.21 52.26 33.02 116.31
M9 37 2390 -3510 -46650 4684287 56.35 "~ 35.74 124.11

Tab. 7.49 - V25.2-2:Values of NRM lost and TRM gained and their angular difference .

Microwave - AD 1806- Sample V25.2-2
70
(3
50 4
2 ° o ° Fig. 7.30 - Conventional NRM/
Ss0 | % o0 © TRM plot for sample V25.2-2
5
540
a
g
<30 -
®
’<20 4
=
o
210
0 il T L]
0 10 s 20 30 40
TRM x 10° (Arbitrary Units)
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Sample V24.3-2 |} Arbitrary Units 1

Steps |Power(W) x vy z. Moment | Nrm 10°  Trm 10° theta (°)
D(NRM)| 17 -34550 -56100 73830 9895343 | 120.50
_ 540 ‘ 38 25,

58243506 17537 90T,
77085.36 . .0 91.37
M6 35 -1920 -43400 58510 72874.32 | 69.79 . 92.09
M7 42 3100 -37430 55370 669806.29 | 63.24 . 93.87
M8 52 12970 -27610 50170 658715.94 | 53.46 . 98.45
M9 58 - 12080 -13300 47780 51046.50 | 51.28 . 110.48
M10 60 7280 4220 46930 4767842 | 55.86 . 122.86

Tab. 7.50 - V24.3-2:Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calcuiate the palacointensity.

Microwave - AD 1806- Sample V24.3-2
140
_J20¢
2 Fig. 7.31 - Conventional NRM/
5100 - R?=0.877 TRM plot for sample V24.3-2
> \ Statistical parameters relative to the
g 80 - ' slope and palaeofield estimate are
a ® o shown in Tab.7.49. Empty diamond
< 60 | ° indicate points excluded from the
':? oo © palaeofield calculation.
% 40 |
=
o
< 20 -
0 T T — T
0 10 20 30 40 50
TRM x 10° (Arbitrary Units)
Power Sample V24.3-2
@ge w) N f g q b op |FpPalaeo (ul) | Uncertainty
r20 -27 4 0.145 | 0.656 | 0.376 -1.147 0.289 57.337 152.294

Tab. 7.51 - V24.3-2 palaeointensity values and statistical parameters.
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Sample V24.3-1  Arbitray Units
Steps Power Moment [Dec Inc
[Demag (watts) 10° Tab. 7.52 - Directional and Intensity values
NRM 0 129.3 50.7 |-32.4 of sample V24.3-1.
1 8 128.0 50.8 |-33.2 '
2 12 125.4 51.3 |-33.5
3 17 122.1 51.5 ]-33.6
4 25 115.1 51.8 [-33.9
5 29 110.9 528 [-34.6
6 33 110.6 526 |-34.1
7 42 102.3 52.8 [-34.2
8 50 93.8 532 [-346
9 58 91.8 527 [-34.6
10 65 88.2 534 [-355
1 70 852 53 [-35.2
12 75 82.9 53.7 |-35.6
13 80 82.1 52.9 [-35.3
14 85 80.5 53.1 }-35.1
15 95 75.9 53.4 |-34.6
16 105 - 69.6 53.2 |-35.2
17 112 67.8 53.5 |-34.9
18 122 51.5 54.4 |-36.5
19 132 43.7 54 |-36.3
20 142 30.2 56.3 [-34.3
21 152 13.1 553 |-27.3
Microwave Demagnetisation - V24.3-1
140
[
;-?120 .
5
- 5100
T £ g0
c 2
Qg
Eeo 607
=3
8 40
S
= 20 -
0 t v T ] T L] L3
0 20 40 60 PowsaNam)mo 120 140 160

Fig. 7.32 - NRM demagnetisation of sample V24.3-1, using microwave, to check
the behaviour of the NRM and in particular the stability of Dec and Inc throughout
the experiment. '
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AD 1806 lava flow specimens

V25.2-2:
Power Range =26 -37W
. N=10

V24.3-2
_Power Range = 17 -60 W

M ‘N=10

Fig. 7.33. Stereo plots showing total vectors moving from the measured NRM( 8 ) towards
the applied TRM direction ( 1) along great circles.

Dashed great circles show secondary direction. Dark triangles indicate points used to
calculate the palaeointensity.
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7.8 -AD 1839

7.7.1 — Site V42

For sample 13b-1 only the first four vectors defined a great circle (Fig. 7.39). Starting
from 65W a.llAsubsequent vectors moved away it. The 0 values showed significant changes
(>90°) starting from step M3 (Tab. 7.53). The NRM/TRM plots showed one possible slope,
considering only four points, D(NRM) included, and excluding the others although they fell
on the same straight line (Fig. 7.34, Tab. 7.54).

7.7.2 — Site V43

Sample V43.9c-1 & V43.9c-2 For sample 9¢c-2 almost all the vectors deﬁhed a great circle
(Fig. 7.39) except the last three. At step M9 the Dec of the total vector was only some 40°
away from the NRM direction. The 0 values showed an almost constant value until MlO'
(Tab. 7.55) when it started to increase. The NRM/TRM plots showed one possible slope,
excluding the last four points. Considering or not the first point DINRM) did not change the
palaeofield estimation (Fig. 7.35, Tab. 7.56). The microwave demagnetisation of the sistef
sample 9¢-1 showed high stability of NRM, especially in Inclination, starting from 55 up to
122W (Fig. 7.36, Tab. 7.57)

7.7.3 — Site V44 o

Sample V44.3b-1 1t showed very anomalous behaviour (Fig. 7.39). Theta angle stayed
constant until M8 when it slightly increased until M11 when itkept an almost constant value
(~92.50°). After this point it increased again until the end of the experiment (Tab. 7.58). It -
‘was poésible to determinate one slope (Fig. 7.37, Tab. 7.59) but this was very poorly

defined.

Sample V44.3b-2 None of the vectors lied on the NRM/TRM great circle and they
seemed to follow a secondary direction (Fig. 7.39). The angle 6 was >90 starting from step
M2 where it increased gradually until step M8, when changes were more significant (TaB.
7.60). AItﬁ_ough almost all the points were on the same straight line (Fig. 7.38), none of

these points fulfilled any of the three requirements needed to be accepted.
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Sample V42.13b-1 |

Arbitrary Units

i

|_Steg

Powgr (W) X y z Moinent

Nrm 10°

Trm 10°

theta (°)

D .(NRM):

:0.00;

~161.46

M4
MS
M6
M7
M8
M9
M10
M11

68 -52910

85 25960 -29400 -96820 104462.40
88 10000 4440 -93950 94584.97

70 -51010 -116470 127801.31
72 -49480 -115940 126612.70
75 -48180 -111560 121572.64
78 -41350 -110620 118086.43
80 . -39660 -109830 116771.47

124.97
123.86
117.56
114.84
113.95
99.15

111.91

28.69
31.41
31.82
38.06
40.48
39.56
60.38
63.84

Tab. 7.53 - V42.13b-1:Values of NRM lost and TRM gained and their angular difference 0.
In light grey the data used to calculate the palaeointensity.

Microwave - AD 1839 - Sample V42.13b-1
180
_Je0 . R?=0.977 .
2440 - Fig. 7.34 - Conventional NRM/
5 ® TRM plot for sample V42.13b-1
2120 1 Op . ° Statistical parameters relative to
_.gl‘ 00 - ° ' the slope and palacofield estimate
2 are shown in Tab.7.51. Empty
:5. 80 - diamond indicate points excluded
,°; 60 4 from the palaeofield calculation.
=
z 40 3
2
20 -
0 T T T
0 20 .40 60 80
~ TRM x 10° (Arbitrary Units)
[ Power | . Sample V42.13b-1
Nlrangeewy| W~ f g q b o, |Fpalaeo (uT) | Uncertainty
| 5065 4 0187 | 0642 | 1.124 | -1.089 | 0.118 54.931 48.869
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"Tab. 7.54 - V42.13b-1 palaeointensity values and statistical parameters.



Sample V43.9c-2 |

Arbitrary Units |

—

Steps | Power (W)  x

Nrm 10° __ Trm 10° theta (°)

M8 88 -17160 -25670 50180 58918.99 | 56.53 17.84 91.23
M10 80 -1530 -26500 43840 5124975 | 45.65 27.87 95.30
M11 92 1130 -16780 43380 46526.01 44 87 25.76 102.80
M12 95 5880 -8120 41000 4220792 | 45.50 29.41 115.56

Tab. 7.55 - V43.9¢-2:Values of NRM lost and TRM gained and their angular difference 6.

In light grey the data used to calculate the palaeointensity.

Microwave - AD 1839- Sample V43.9¢c-2
80
[

J _\70 E \.

’ 2 Fig. 7.35 - Conventional NRM/
5601 | ° TRM plot for sample V43.9¢-2
2sp| RI=0.988 Statistical parameters relative to the
= o 00 slope and palaeofield estimate are
8 40 - shown in Tab.7.53. Empty diamond
< indicate points excluded from the

"© 30 4 palaeofield calculation.
= 20 ]
/4
Z 104

0 - — .

0 10 20 30 40
TRM x 10° (Arbitrary Units)
Power Sample V43.9c-2
nge (W) N f g q b op |Fpalaeo (uT)| Uncertainty
42 - 80* 9 0.166 | 0.827 | 4.135 | -1.061 | 0.035 53.031 12.826
45 - 80 8 0.117 | 0.829 | 2.124 | -1.066. | 0.049 53.321 25.109
*including D(NRM)

Tab. 7.56 - V43.9c-2 palacointensity values and statistical pamnieters.
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Sample V43.9c-1_Arbitray Units

Steps Power Moment jDec Inc
Demag (watts) | 10° | Tab. 7.57 - Directional and Intensity values
NRM 0 150.7 160.3 |-61.0 of sample V43.9¢-1. v
1 17 148.7 159.9 |-60.8
2 37 143.1 160.3 }-60.4
3 50 143.5 159.9 |-60.7
4 55 134.3 149.0 |-58.6
5 58 133.8 148.9 |-58.6
FG 60 131.8 148.5 |-58.5
7 65 128.1 148.5 |-58.7
8 70 125.2 148.4 |-58.7
9 78 1114 148.0 |-58.4
10 82 89.8 147.9 1-58.5
11 88 73.4 146.3 {-58.5
12 98 48.9 144.6 }-58.3
13 122 46.9 146.3 |-58.2

Microwave Demagnetisation - V43.9c-1

160

1

I
-
I
(=]

120 -
100 -
80 -
60 1
40 |

20 -

Moment 10°
(microwave arbitrary units

0 T T T T T =T

0 20 40 60 80 100 120 140
Power (watts)

Fig. 7.36 - NRM demagnetisation of sample V43.9c-1, using microwave, to check
the behaviour of the NRM and in particular the stability of Dec and Inc throughout
the experiment.
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Sample V44.3b-1 | Arbitrary Units |
Power (W) X y z Moment | Nrm 10°  Trm 10° theta (°)
42750 -49780 6817522 | 78.14 0.00
6! 09202 =34400 3-35900:::50905.9 i 13
M7 72 -8810 -31320 -32170 45754.42 45.55 463 90.35
ms 82 -3870 -22760 -18730 29728.90 29.24 6.55 92.10
M9 90 1450 -17080 -8870 19300.41 17.57 9.54 94.68
M10 g2 3440 -16270 -9330 19068.18 16.48 ' 10.25 92.22
M11 95 2590 -14190 -7950 16470.18 14.41 8.68 92.68
M12 100 5020 -12520 -3230 13870.25 10.10 10.76 86.69
M13 105 5130 -10340 570 115656.70 7.79 11.02 106.44
M14 108 5450 -9850 2510 11533.65 8.08 12.33 115.02
M15 110 6070 -8720 4880 11691.78 9.44 14.86 128.15
M16 112 6580 -7080 4440 10643.22 7.38 13.28 126.84
M17 115. 7970 -6210 6840 12201.25 11.91 19.19 142.24
M18 118 8680 -3570 8030 12351.85 2295 30.89 159.53
Tab. 7.58 - V44.3b-1 :Values of NRM lost and TRM gained and their angular difference 6.
In light grey the data used to calculate the palaeointensity.
Microwave - AD 1839- Sample V44.3b-1
a0
Fig. 7.37 - Conventional NRM/
= TRM plot for sample V44.3b-1
-‘_; 70 R2 = 0.033 Statistical parameters relative to the
2 T slope and palaeofield estimate are
260 1 shown in Tab.7.55. Empty diamond
S5 - ° indicate points excluded from the
g ° palaeofield calculation.
<40 -
= 30 - o
- °
=20 - ®
L Z °
10 4 2000 °
0 — — —
0 10 20 30 40
TRM x 10° (Arbitrary Units)
Power ¢ Sampie V44.3b-1
lrange W) N f g q b op |Fpalaeo(uT)| Uncertainty
I 29 - 60 6 0.214 | 0.778 | 1.369 -4 409 0.537 220.455 161.011

Tab. 7.59 - V44.3b-1 palaeointensity values and statistical parameters.
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Sampie V44.3b-2 | Arbitrary Units ]
Steps |Power (W) x y z Moment [Nrm 10°  Trm 10° theta (°)
D(NRM)| 25 17280 41460 52210 68872.45 | 71.27 0.00
M1 29 570 -44190 51440 67817.07 65.79 16.66 90.17
M2 30 1570 -38730 51260 64265.58 62.17 17.714 81.26
M3 31 3320 -36560 50930 62781.53 60.43 19.18 91.95
M4 32 4520 -34700 50870 61743.64 59.27 20.30 92.70
M5 33 6080 -33140 50180 60442.19 57.68 21.60 93.23
M6 35 7690 -30180 49680 58635.07 55.75 23.16 94.59
M7 37 9190 -28600 48020 57492.40 54.32 24.47 95.28
M8 42 12910 -23320 47620 54572.47 50.94 28.20 98.26
M9 45 15650 -12710 45280 49574.70 47.71 33.20 106.91
M10 48 9730 -1950 45050 46130.01 53.38 38.30 122.36

Tab. 7.60 - V44.3b-2:Values of NRM lost and TRM gained and their angular difference 6.

Microwave - AD 1839- Sample V44.3b-2

©
o

70 ¢
©
©
°°°
O
o ° o
©

bitrary Units)
n (02}
o o

= 40 -

0 T - T T

0 10 3 40 50
TRM x 10

Fig. 7.38 - Conventional NRM/
TRM plot for sample V44.3b-2

0 30
(Arbitrary Units)
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AD 1839 lava flow specimens

V43.9c -2
Power Range =42-95W
N=13

 V4213b-1_ B
Power Range =50-85W .
N=10

V44.3b-1
Power Range =26- 118 W _ NR
N= 19

+ .

V443b 2
NRM Power Range =25-48W

N=11

Fig. 7.39. Stereo plots showing total vectors moving from the measured NRM( B ) towards
the applied TRM direction ( ) along great circles.

Dashed great circles show secondary directions, dark triangles indicate points used to
calculate the palaeointensity and up-side down triangles indicate points in the upper
hemisphere. 318



Chapter VIII -
Rock Magnetic Properties
8.1 Introduction | |
In this chapter the rock maglleﬁc properties, investigated using the techniques deﬁcﬁbed
i chapter 3, are described. The results have been divided iﬁto three different types; 'A‘l,
A2 aﬂd B plus the anomalous behaviour showed by one sémple, which will be referred to
as Ex (for exception). The first order discrimination for these groups was based on the
IRMs 3 component and the low field sﬁsceptibility X) b_ behaviour. A second order
~discrimination was based oh thé coercivity of remanence (Hcg) and the Karw/K ratio.

Representative examples for each case will be illustrated.

8.2 Description of Type Al samples

a) First order discriminétors

3 axes IRM - All the samples in this group showed a dominance of the medium |
coercivity fractions that were mainly removed | at 580°C following a convex
demagnetization curve (Fig. 8.1). The initial intensitiés of the soft fracﬁons were no more
than 30% of the maximum initial intensity of the medium component and it was removed at '
about 560-580°¢. The initial intensities of the hard fractions v-ve're mostly negligible, being
only about 15 % of the intermediate fraction initial intensity in a few cases, and all were
completely removed at 560-580°C.

Low field susceptibility - All the's_amples. showed an initial value of K, at room
temperature, within the range -15-25 x 10® SI. They had a linear trend throughout the
heating experiment; with a slight decrease (nof always present) starting from 500° (Figs.

8.1, 8.9).
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IRM 3 components
Sample V43.9a - AD 1839 - "Terzigno”
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Fig. 8.1 - IRMs 3 components and susceptibility behaviours for sample V43.%9a

b) Second order discriminators

Coercivity of remanence - Most of the samples showed the higher values of Hcg (~70
mT) and all were in the range 50-70 mT (Fig. 8.2, Tab.8.1). Part of this experiment was
used to analyse the IRM acquisition aiong the z-axis. This showed that the majority of

samples saturated in a field of about 200 mT.
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IRM - Sample V38.4a - AD 1714 "Boscotrecase"

-t
£

—
— ¢

- b

Z-axis IRM x10 (Am?)

T I

0 - 200 400 600 800 1000
Applied Field (mT)

14
12
&
E 10
<
¢ 8
o)
* 6 .
=
g 4 _
(2] -
‘g 2 / HCR =64.5mT
N .
2 9 L 200 400 600 800 1000
Applied Back-Field (mT)
Fig. 8.2 - IRM acquisition along z and -z for sample V38.4a.
C) Kin/K ratio

The mean value obtained from this experiment was 2.43 (Tab. 8.1). Samples V34.5,

- V41.0b and V43.9a showed a relatively higher values (~3).

8.3 Description of Type A2 samples
a) First order discriminators
3 axes IRM - The medium coercivity fractions were dominant (as in Type Al), but the

soft fractions had initial intensities not less than 60% of the maximum initial intensity of the
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medium component and behaved similarly to the medium fraction. The initial intensity of
the hard fractions was about 10-15%. Although they decayed mainly around 540-580°C,
they were not completely demagnetized at 620°C. The only exception was sample V29.8
in which all the coercivity fractions were completely removed at ~580°C.

In all the samples the medium ‘coercivity decayed with an approximately convex curve

with increasing temperature of demagnetization (Fig. 8.3).

IRM 3 components
Sample V40.8c - AD 1754 - "Boscoreale”

12

. Normalized IRM components

0 100 200 300 © - 400 500 600 ~ 700

Temperature {(°C)
Susceptibility (10E-3) SI
35
30 -
25 4
20 4
15 - :
10 4 *— - - * - ——o—— - A S
5 r : . ; r .
0 100 200 300 400 500 600 700
Temperature (°C)

Fig. 8.3 - IRMs 3 components and Susceptibility behaviours for sample V40.8¢

Low field susceptibility - All samples behaved as in Type Al (Fig. 8.3, 8.9), but their K

values were within a lower range (5-15x107).

322



b) Second order discriminators
Coercivity of remanence - As in Al Type, samples had values in the range 50—70 mT.
The IRM analyses showed that all samples were not completely saturated at 800 mT,

although from 200 mT the demagnetisation curve showed a .very low gradient (Fig. 8.4,

Tab.1).
IRM - Sample V29.2 - AD 1697 "T. Greco."
12
NE > —
<
Q
(=4
*
=
x
2
*
¢
N
0 200 400 600 800 1000
Applied Field (mT)
— 10 '
~
E
<
B
*
=
=
° HCR =46.7mT
G
N T T T T
200 400 600 800 1000
Applied BackField (mT)

Fig. 8.4 - IRM acquisition along z and -z for sample V29.2.

Karv/K ratio - These values, compared to those for Type Al, were relatively higher

(~2.6). For sample V32.5 it was 3.081 (Tab. 8.1).
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8.4 Description of Type B samples

a) First order discriminators

3 axes IRM - In these samples the hard coercivity fraction was always negligible and the
soft one was in many cases dominant (Fig. 8.5). All the fractions were completely removed
at 520-560°C showing a quite linear trend (sometime céncave) on demagnetization.

Low field susceptibility - Samples in this group showed initial higher values (35-4de0'
3') compared with the other groups. They remained constant during the experiment until
450°C wheré a steep decay occurred. In some samples, at high temperatures (560-580°C),

there was a slight increase (Fig. 8.5, 8.9).

b) Second order discriminators

Coercivity of remanence - These had the lowest values, within the range 20-30 mT )
(Fig. 8.6, Tab. 8.1), except for the sample V24 .2 which was 53.1 mT. 'i'he IRM analyses
showed an almost ‘complete saturation mostly afound 100 mT, except for V24.2 and
\}33.11b, which saturated at 200 mT. Sample V24.2 also showed an anomalous behaviour
at 60 mT as occurred in sample V30.2 (Fig. 8.8).

K r/K ratio - All the ratios were below 2 (~1.5) except for V33.11b that was 2.102 ’

(Tab. 8.1).
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Normalized IRM components

. IRM 3 components
Sample V44_4a - AD 1839 - "Terzigno”

1.2

Temperature (°C)

Susceptibility (10E-3) Si
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0 100 200 300 400 500 600 700
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Fig. 8.5 - IRMs 3 components and Susceptibility behaviours for sample V44.4a -
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IRM - Sample V26.5b - AD 79-1631 "T.Annunziata”
4
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E
< 3 . —e
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Fig. 8.6 - IRM acquisition along z and -z for sample V26.5b.

8.5 Description of Type Ex sample (V30.2)

a) First order discriminators

3 axes IRM - The hard coercivity fraction was the dominant. It decayed slowly until
500° then it showed a significant increase until 560°C (Fig. 8.7). From this temperature it
dropped rapidly down until 620°C where there was some 15% of the initial intensity left.

The soft fraction had the same initial intensity as the hard fraction, but ar linear steep decay
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until 400°C, followed by another linear trend but with a very low gradient. At 620°C it

was almost completely demagnetized.

IRM 3 components
Sample V30.5 - AD 79-1631-"Portici”
1.2
—eo—Hard
1.0 4 —~8— Medium
“E ~—&— Soft
< 0.8 -
€
[
§_ 0.6 -
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8
= 0.4
e
0.2 4
0.0 . . . A
0 100 200 300 400 500 600 700
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20 -
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21 - ———— ¢
0 — vI —~ T — R Ll 1] - 1 .
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' Temperature (°C) '

Fig. 8.7 - IRMs 3 components and Susceptibility behaviours for sample V30.5

Low field susceptibility - This sample showed the lowest value, ~5x10° SL. It was
constant until 400°C then it increased slightly' (Fig. 8.7).

b)  Second order discriminators
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Coercivity of remanence - The value was 40 mT (Tab. 8.1). The IRM showed the same
anomalous behaviour as sample V33.11b (Type B) but below 80 mT. At 800 mT it was
not fully saturated (Fig. 8.8).

Kr/K ratio - It showed a high value, 2.9 (Tab. 8.1).

IRM - Sample V30.2 - AD 79-1631 "Portici”
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Fig. 8.8 - IRM acquisition along z and -z axes for sample V30.2.
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Susceptibility 10°S.l.- Type B Samples :

50
45 4
40 -
35 4
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20 T—e—we1b
15 1 | —a—V44-4a
10 ] | a—Vv2513
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Fig. 8.9 - Different K behaviours for Type B, Ex and Types Al, A2
Different types discriminated as described in sect. 8.2
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a) - Type A1 c)-Type B

Samples [K (107) KarwK [Her Samples [K (107)Kar (10”) |Kara® [Her
(10 (mT) (mT) .

V284 [1466 [29.92 [2.04 [7160 [v24-2 [39.15 [64.37 164 53.10

Vv31-7 12569 167.30 [262 [63.00 [v254 [40.02 [57.56 144 2790

Vv34-9 11652 [48.87 [2.968 [62.00 [v26-5B [30.92 [45.52 1.47 125.80

V35-9A [13.38 [26.02 [1.95 [69.00 [v33-11B [20.16 [42.38 210 [24.20

V36-12 [16.768 |36.05 |[2.15 [70.00 [v44-2B |44.82 [77.89 1.74 [24.20

V37-0A [14.97 [31.35 [209 166.10 |Mean 1.68 |31.04

V3B.4A (3348 [65.19 [1.05 [64.50

V39-8A [20.87 [52.61 [2.52 [68.00

V41-5A }12.91 [41.88 [3.24 [60.10

v42-9B [18.77 [40.19 [2.14 [74.40

\V43-10B |12.44 [37.86 |3.04 [51.20

Mean 243  ]65.45

b) - Type A2 d) - Type Ex .

Samples [K (10”) Kar/K[Hcr [Samples [K (107){Karm (107) {Kar/K |Her
(ﬁ?”) mT) ' (mT})

V279 [10.73 [26.55 [247 (7140 ]v30-2 16.48 [18.94 2.92  40.00

V29-2 [13.40 [35.77 1267 |56.00

V32-8 [12.90 |39.74 [3.08 {46.70

VA0-9A [13.50 |29.62 |2.19 [70.00

Mean 2.60 [61.03

Tab. 8.1 - Summary of all the magnetic properties investigated.
Values of low field susceptibility at room temperature, anhysteretic
~ susceptibility, their ratio & coercivity of remanence for samples of types Al,

A2 B and Ex.

8.6 Discussion

a) TypeAl

In all samples the three different coercivity fractions had a Tub of about 560°C and, in |
few cases, a very small tail above that temperature. This suggests that the magnétic carrier
could be a very Ti-poor titanomagnetite (x<0.1). A decrease in Hc and Hgc with increasing
grain-size (from 0.1 to 150 um) for titanomagnetite wuh the same composition has been
reported (Day, 1977). This can probably explain the behaviours of the medium and soft
coercivities. The behaviour of the coercivity fraction with 50<Hc<300 mT (wﬁich is the
dominant one) could be due to smaller grains compared to that associated with the lower

coercivity (<50 mT). In the hard fraction there is little or no sign of haematite and
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probably, in few cases, some small amount of a Ti-poor titanomagnetite with Hc slightly

. greater than 300mT. It is important to emphasise that the coercivity fractions higher than

800 mT (haematite, goethite) could still have an influence along the y (medium) and z
(soft) axes, as Well as in the z (hard) axis since the Pulse magnetizer has a max1mum field
of 800 mT. Furthermore the absence of high coercivity behaviour does not exclude
haematite, as only low coercivity grains of this mineral may be present. Such grains could
be possible explanations for the few cases where the medium fraction showed a littlé tail
above 560°C. The Hrc and Karn/K results also confirm the dominance of high coerciﬁty
Ti-poor titanomagnetite. In fact, their mean values (Tab. 8.1) suggest the predominance of
single/pseudo-single domains (Day, 1977, King, 1982).

In general, alteration during heating experiments can be considered negligible; as
suggested by the consistent low field susceptibilify behaviour during thermal
demagnetisation.

b) Type A2

In this group the magnetic properties were qﬁite similar to Al except for a relatively
higher content of titanium (0.1<x<0.2), as suggested by a lower Tub for all three coei'civity
fractions. Tﬁe dominance of the high coercivity titanomagnetite was not as strong as in
Type A and there was a relatively greater contribution byAthe soft coercivity component.

Hgc and K rw/K Valués were almost the same as type Al (Tab. 8.1). In general the
magnetic carrier is still a Ti-pobr titanomagnetite in the form of SD/PSD grains. In two
cases (V27-1 and V32-5) the low field susceptibility showed a slight increase above 450°C,
suggesting that some alteration occurred during the heating. 'In these two saniples the hérd
coercivity fraction showed a greater contribution. It is réasonable to think that some

haematite may have been created during the heating experiment.
¢) DypeB
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The major thing that makes this group different from the others is the low field
susceptibility behaviour. Some samples also showed a dominance of the soft coercivity
fraction over the medium one while the hard one was almost non existent. All the fractions
were almost completely démagnetized at about 500-520° but in few cases there was a
small tail until 540-560°C. In sample V33.04 almost 50% of the soft coercivity fraction
was removed at 250°C. This behaviour could be due to titanomagnetites with a relatively
higher content of Ti (x = 0.2) and in some samples at least (V26.11b, V44 .4a) this coexist
with Ti-poor titanomagnetites (x<0.2). The soft fraction behaviour in sample V33.04
could also be due to the presence of a richer in Ti titanomagnetite (x = 0.5). In general the
amount of lo§v coercivity titanomagnetite, which could be due to larger grains, seems to be
equal or even Iarger than the high coercivity titanomagnetite amount. This could explain
the initial higher value of the low field susceptibility.

The predominance of larger grain of titanomagnetite is also confirmed by the lower mean
values of Hrc and K rw/K obtained (Tab. 8.1). In general they suggest behaviour
predominantly within the PSD range.

d) Type Ex (Sample V30.2)

The magnetic carrier in these samples could be titano-haematite. This is suggésted by the
dominance of the hard coercivity fraction, and by the fact that both the medium and the
hard fractions were not removed at 620°C. Furfhermore the IRM acquisition along the z-
axes showed no indication of saturation at 800 mT. The soft fraction behaviour could be
due to a titanomagnetite (x=0.2) superimposed to a low coercivity ﬁtano-haematite. It
appears that signiﬁcant alterétion could be occurring during heating as suggested by the
slight increase in low field susceptibility above 450°C. This seems to be related to the
increase in the hard coercivity ﬁacﬁon above 500°C. The formation of new titano-

haematite seems to be a possible hypothesis to explain this behaviour. "The relatively high
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values (Tab 8.1) of Hrc and Karw/K, which suggested SD behaviour, probably have
reflected the influences of titano-haematite as the low field susceptibility showed the lowest

values.

8.7 Conclusions

A poor-Ti titanomagnetite (x < 0.2) seems to be the predominant magnetic carrier while
the grain-size analyses seems to exclude the clear presence of significant MD behaviour.
This is particularly tfue for samples of groups Al and A2 although group B does not show
a significant difference from the former groups.

In terms of relation between magnetic properties and individualjava flows (Tab. 8.2),
there is a good consistency between them. In fact all the samples taken from the same lava
flow show the same characteristics. They in general belong to the groups A1/A2 or the
group B except for very large lava flows where there was considerable distance between

the sampling areas

Tab. 8.2 - Magnetic property and lava flows relationship.
With the asterisks sites sampled distantly within the same
large lava flow

333



Chapter IX

Results

9.1 - Introduction

In this chapter all the site and sampleN results, both palaeodirections and
palaeointensities, will be combined and discussed at a lava level. Palaeodirectional results,
at site and lava flow level, will be presented in terms of mean value§ using the statistical
parameters and criteria described in section 3.7. Palaeointensity values, both thermal and
microwave, will be described using the following terminology to distinguish the
components for different ranges of temperatufe Or microwave power. 'For thermal
studies, low is used for T< 390°C; medium, used for 390°C <T < 530°C; high for T
>530°C. However, not all components lie within these temperature ranges; sometimes
both low and medium, or both medium and high ranges, were involved. In the first case
more weight is given to the lowest limit while in the second case the upper limit is
considered more meaningful. For example, a component defined in £he range 150 - 500
°C will be referred to as low componént while one defined in the range 420 - 595 will be_

referred to as high component.

92-AD79-AD 1631
9.2.1 - Palaeodirections

a - Sites mean values
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Site V30 - As described in section 5.2.1., almost all samples had a single, very well

defined high temperature component and therefore a unique value of the ChRM (Tabs.

9.1a,b).

Sample N steps Dec Inc MAD T°C range
03 5 18.7 66.7 1.1 580/630
06 15 14.7 619 1.0 390/630
09 5 11.9 66.5 1.3 565/620
11 9 14.0 66.5 0.9 535/630
12 8 15.8 65.5 1.0 520/620
13 7 11.3 62.4 0.9 535/630

a)
Site N samples Dec Inc k OLgs
V30 6 143 649 1080 2.0

Tabs. 9.1a,b - Site V30 directional results.

a) Sample best representative directions. b) Site mean value.

MAD = diagonal angle; k = estimate of the true precision parameter K; ags=
confidence limit on the mean direction. For a fuller description see section 3.7.

Site V36 - Two different, but both very well defined directions were found at higher
temperature (Tabs. 9.2.a)b). The major difference was in declination; the inclination being

almost identical. As these could not be combined, two different values of the ChRM were

retained (Tab. 9.2.c).

Sample N steps Dec - Inc MAD T°C range
01B 7 16.2 64.5 0.5 550/620
14 13 15.5 -60.9 0.5 420/620
16 7 14.8 65.3 0.8 550/620
17B 8 17.8 66.1 04 535/620
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Sample N steps Dec Inc MAD T°C range
01B 6 24.1 63.6 23 460/550
03 8 235 66.3 0.5 520/620
0s - 4 25.1 63.1 0.3 580/620
06 5 240 623 0.7 580/620
08 8 27.7 64.0 0.3 520/620
11 13 28.1 - 674 0.6 390/620
- 14 4 22.7 63.7 26 420/480
17B 7 245 67.6 3.9 420/535
. )
Site N samples Dec Inc k Olos
V36(i) 4 16.0 642 1180 2.7
V36(ii) 8 24.9- 64.7 1287 1.5
©)

Tabs. 9.2a,b,c - Site V36 directional results. _
a, b) Sample best representative directions grouped according to the site
discussions in section 9.2.1. c) Alternative site mean values.

Site V37 - Two different directions were found, both very well defined, especially -
between 520 and 635° (Tabs. 9.3.a, b). The inclination was almost the same for all

saniples. Two different values of the ChHRM were obtained (Tab. 9.3.c).

Sample N steps Dec Inc MAD T °C range
01 11 16.9 64.2 0.6 420/595
0S5 6 18.5 66.5 0.5 520/595

10A 8 11.4 60.4 1.6 535/635

10B 9 9.5 559 1.0 520/635

11 6 14.2 628 | 07 535/610

13 7 147 65.6 0.7 535/635

14 8 11 645 0.4 480/610
a)

Sample N steps Dec Inc MAD T °C range
06 6 1.6 61.8 0.4 520/595

07A 7 357.5 594 04 500/595
07B 6 357.8 58.8 1.5 480/610

b)
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Site N samples Dec Inc k Lo

V37(i) 7 14.3 64.0 1033 2.1

V37(i*) 6 15.0 64.7 1906 1.8

V37(ii) .3 358.9 60.0 1734 30
c)

Tabs. 9.3a,b,c - Site V37 directional results
a, b) Sample best representative directions. c) Site mean values.
*mean value obtained erasing 10B

Site V27

A single very well defined component was revealed at high temperature and, therefore

a unique value of the ChRM was obtained (Tabs. 9.4a,b).

Samp N steps Dec Inc MAD T°C
03 9 12.3 62.5 1.1 - 500/620
04 8 93 62.8 1.1 520/620
06 6 7.7 634 0.7 550/630
07 7 9.1 614 08 535/620
12 9 10.0 63.5 14 520/630
13 6 16.7 60.1 0.8 550/620

a)
Site N Dec Inc k Qlos

V27 6 10.9 623 1612 1.7

b)

Tabs. 9.4a,b - Site V27 directional resuits
a) Sample best representative directions. b) Site mean values.

Site V33 - All the samples behaved very irregularly (Section 5.2.5). However
similarity in directions were found at low-medium temperature (Tabs. 9.5a,b), although

these characterised by high MAD values (about 3.5).

.Sam N steps Dec Inc MAD T°C
01 9 356.8 53.6 3.2 20/420
02 9 348.5 59.0 2.6 100/440
03 8 345.0 55.6 3.9 20/390
05 9 351.9 494 2.8 20/420
10 8 352.0 55.0 3.7 250/480
13 13 3495 579 29 300/565

a)
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Site N Dec Inc K OLos
V33 6 350.7 55.1 370 3.5
b)

Tabs. 9.5a,b - Site V33 directional results
a) Sample best representative directions. b) Site mean value.

Site V26 - Two different groups of directions, with MAD values in the range 2-4°,
were found which characterized respectively the low-medium and high temperature range

(Tabs. 9.6.2,b). Two completely different values of the ChRM were obtained (Tab. 9.6.c).

Sample N steps Dec Inc MAD | T °C range
01 4 353.5 62 2.1 390/460 -
03 8 - 102 50.6 3.6 150/440
04 11 55 573 24 150/500

07A 8 99 55.2 33 150/440

09A 6 16.7 54.6 15 . 420/565

10A 7 113 58.6 2.0 460/565

a)

Sample N steps Dec Inc MAD T °C range
01 6 19.8 299 - 33 460/565
03 5 278 275 25 500/565
04 5 242 36.8 34 500/565
07 5 259 43 24 500/565
. )

Site N samples Dec Inc k Qos
V26(i) 6 83 56.6 203.6 - 4.7
V26(i*) 5 10.8 553 452.6 3.6
V26(ii) 4 24 .4 343 1144 8.6

: 5)

Tabs. 9.6a,b,c - Site V26 directional results
a, b) Sample best representative directions. c) Site mean values.
_*mean value obtained erasing 01

Site V31 - A single very well defined component was revealed at high temperatures
and also including the medium range after erasing anomalous points (Section 5.2.7). A

unique value of the ChRM was obtained (Tabs. 9.7a,b).
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Sample N steps Dec Inc MAD | T °C range
01 16 15.3 65.2 1.0 300/620
06 14 14.2 - 60.7 0.7 360/620
08 15 9.8 64.1 0.6 330/620
11 4 10.5 66.0 0.8 580/620

a)
Site N samples Dec Inc k Oos
V31 4 12.5 64 960.7 3.0
b)

Tabs. 9.7a,b. Site V31 directional results.
a) Sample best representative directions. b) Site mean values

b - Lava flow mean value
As shown in the previous section, sites V027, V030 and V031 have distinct mean
values while the others sites have two different values. However in all sites, a very similar
and statistically well defined ChRM is present (Tab. 9.8a). To obtain tﬁe most
representative lava flow mean value (Tab. 9.8b) siteé V026 and V033 were excluded from

the calculation because of their poor statistical definition and different mean directions.

Sample | N samples | Dec Inc k Olos
V026 5 10.8 553 1452.6 3.6
V027 6 10.9 623 1612.4 1.7
V030 6 14.3 64.9 11080.1 2.0
Vo031 4 12.5 64.0 960.7 3.0
Vo033 6 350.7 551  |369.7 3.5
V036 4 16.0 64.3 1180.4 27
V037 5 15.0 64.7 1906.1 1.8

a)
Lava N samples Dec - Inc k Los

79-1631 |7 13.1 62.6 451.6 32

*5 13.7 64.1 = |3488 1.3
b)

Tabs. 9.8a,b - AD 79 - 1631 lava flows directional results.
a) Sites best representative directions. b) Lava flow mean values.
* excluding site V026 and V033

339



9. 2.2 - Palaeointensities

a-MIT

For each samples at least two oofnpletely different éstimates of the palaeofield were
obtained from both MTT A-B and C-D (Tabs.9.9a, b). | ‘A general trend of decreasing
palaeofield values, with the incfeasing of temperature, was fpund in all the samples. In
most cases, the low part of the temperature spectrum showed too high values of the
palaeointensity (up to 211 uT), despite the statistical parameters beingr acceptable. Most
values from the analysis of the high tempéramre' ranges were more acceptable in terms of
reliability (except for sample V33.9) and statistic properties.

In general there was no clear relation between temperature ranges and the most
representative value for each site. The values chosen to get the lava flow mean value
(Tab.9.9¢, d) covered the entire spectrum of temperature ranges.

b - Microwave |

For each sample one eMe of the palacofield were obtained (Tabs.9.10a,). Only
sample V26.6b-1 showed two different slopes and in this case a decrease in the
‘palaeofield estimate wi'£h the increasing power range was observed.

The low part of the power range spectrum showed the more acceptable values
althouéh in terms of statistical definition they didn’t show very high quality results. The

low power values were used to gét the lava flow mean vaiue (Tab.9.10b, c).

9.3-AD 1697
9.3.1 - Palaeodirections

a - Sites mean values
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1§43

V79-1631

MTT A-B low medium high All

[Samples | T (°C) wWhHl N| g q | op | TCC) [FuT)] N ] 9 | o JT(C) [FT N 9 q o, |T(CC) FRT] N | g q S
V26.11a | 150-460] 88.7 | 9 | 0.85 | 6.73 | 0.12 |480-535| 15.2 | 4 | 0.65 | 0.80 | 0.05

V2711 |100-440|187.6] 9 | 0.88 | 2.12 | 0.37 390-595| 86.3 | 12 | 0.87 | 13.80] 0.08 | 100-595| 97.4 | 17 | 0.71 | 4.70 | 0.12
V30.8 150-595] 78.7 | 17 | 0.92 | 24.61] 0.05 -

V312 160-500 | 165.9]| 11 | 0.89 | 14.01] 0.14 480-580| 24.3 | 5 | 063 1.48] 0.07

V33.9 150-420| 46.6 | 6 | 0.72 [10.17] 0.04 420-560] 6.6 | 9 | 0.85] 2.13 | 0.01

V36.17 | 150-520|160.5| 12 | 0.96 | 14.08] 0.21 500-595| 62.1 | 5 | 0.18 | 1.17 | 0.08

V37.9b | 150-520]186.2] 12 | 0.89 | 6.61 | 0.36 480-595| 619 | 5 | 0.73 | 3.06 | 0.13

a)

MTT C-D low ' medium ﬂh all

Samples J T(°C) [F(®1)] N | g q | o JTCC) [FluD)] N g q | op JTCC) [FeI)] N g q o, | T(C) [T N 9 q o
V26.11a |250-500] 32.9 | 10 | 0.81 | 5.28 | 0.05 ~ 500-565| 3.8 | 5 | 0.63 | 1.53 | 0.01

V27.11__ | 250-460|165.4] 7 | 0.78 | 2.98 | 0.31 500-560) 60.1 | 6 | 0.75 | 4.07 | 0.08 | 250-580] 98.3 | 12 | 0.85 | 12.65] 0.11
V30.8 250-460|104.8] 9 | 0.87 | 8.67 | 0.10 440-660| 68.7 | 9 | 0.85 | 4.19 | 0.09 | 250-560] 76.4 | 13 | 0.91 | 14.10] 0.08
Val.2 150-420211.6] 11 | 0.89 | 4.08 | 0.60 480-580] 30.6 | 5 | 0.74 | 1.62 | 0.09

V33.9 150-420] 69.7 | 7 | 0.73 | 3.72] 0.15 420-550| 6.0 | 8 | 0.69 | 2.40 | 0.0

V36.17 | 250-520|169.2] 11 | 0.88 | 5.10 | 0.32 |420-535| 84.1 | 7 | 0.81 | 3.16 | 0.23|500-580| 48.0 | 5 | 0.73 | 1.81.| 0.15 | 250-580| 83.9 | 14 | 0.91 | 8.15 | 0.16
V37.8b  |250-520|193.6] 8 | 0.80 | 5.84 | 0.37 | 480-580| 68.5 | 6 | 0.75 | 2.20 | 0.17

b)

V 79-1631 . mean value

Samples | T(°C) [F(uI)) N | g | q | o Ful) std Tabs 9.9a,b,¢,d - AD 79-1631: MIT palaeointensity results.

V26.11a |150-460| 88.7 | 9 | 0.85 | 6.73 | 0.12 76.37] 12.50 a,b) Palaeofield estimate grouped for temperature range.

V2711 ]390-595) 86.3 | 12 | 0.87 [13.80] 0.06 d) c) Best site's representative values

V30.8 150-520| 78.7 | 17 | 0.92 |24.61] 0.05 d) Lava flow mean value

V31.2

V33.9 150-420| 69.7 | 7 | 0.73 | 3.72 | 0.15

V36.17 | 250-560] 83.9 | 14 | 0.91 | 8.15 | 0.16

V37.0b  |480-595| 61.8 | 5 | 0.73 | 3.06 | 0.13

c) .
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http://V27.11
http://V27.11

(423

Vv 1831

Palaeolntensity results from Microwave experiment

sample s;::'e Pow«;&ang I N f g q b Op F}Z:,zo Uncertainty
v30 1-1 ~ [a] 58 -95 6 |0.093[0.747] 0.646 -1.054 0.114 §2.881 81.569
v36 13-1 50 - 85 4 10.269[0455] 4156 | -1.903 | 0.056 [ 95.167 22.899
v37 8a-1 -33-98 8 10.832]0.548119.429]| -1.982 0.047 99.004 5.100
va7 10-1 [b] 62 - 80* 5 ]0.182]0.520] 1.058 -1.699 0.152 84.945 80.315
~ [a] 70 - 90 4 10.06110.629{ 0.209 -1.285 0.238 64,255 307.869
va7 10-2 {b] 42 - 70* 6 ]0.24210.727| 4.104 -1.363 0.059 68.147 16.604
~ [a] 50 - 70 5 10.157[0.646[ 4.465 -1.490 0.034 74.495 16.684
- v33 12-1 165-24 7 10.155(0.793] 3.848 -1.378 0.044 68.915 17.810
V26 6b-1 b} 565-148 10 {0.650]0.814} 12,509 -0.689 0.028 34.473 2,756
a] 37-108 }-10 10.29310.838] 3.081 -1.728 0.138 86.320 28.013
v31 5-1 31-58 5 ]0.239)0.703) 7.663 -1,635 0.034 78.734 10.013
v31i 5-2 28 - 62 10 }0.369 2800 9.806 | -1.829 0.049 81.464 8,308
a) (*) Including the first point D(NRM) :
Pg‘an value
sub Fpalaeo
sample sample Fpalaeo ( uT) n |std
v36 13-1 95.157 82.80 11,22
v37 8a-1 99.094
v27 101 84.945 c)
vvgg :g:f ::;:: Tabs 9.10a,b,c - AD 79-1631: Microwave palaeointensity results.
V26 61 86.320 a) All possible palacoficld estimate.
v31 5-1 76.734 b) Best site's representative values
v31 5-2 81.484 ¢) Lava flow mean value

b)




Site V28 - Although two different groups of directions were considered (both very
well defined especially at higher temperature), the inclinations values were almost
identical while the declinations ones did not show clearly different grouping of value
(Tabs. 9.11.a, b). Three values of the ChRM were presented (Tab. 9.11.c) considering all
samples best representative values and also the two different groups ideﬁﬁﬁed. Note that

the high values of aws obtained from the latest two vectors justify their combination to get‘

the overall mean value.

Tabs. 9.11a,b,c - Site V28 directional results.
a, b) Sample best representative directions. ¢) Site mean values.
* considering all the sample values

Sample N steps Dec Inc MAD T °C range
02 7 15.6 56.4 03 535/620
05 4 18.9 61.6 05 580/620
06 4 12.0 - 61.9 0.8 580/620

a)

Sample N steps Dec Inc MAD T °C range
08 5 356.0 60.2 0.7 500/565
11 5 6.8 60.0 0.6 565/620
12 4 356.6 63.6 0.2 580/620

b)

Site N samples Dec Inc K QLos
V28(i) 6* 7.9 60.9 234.6 44
V28(ii) 3 15.5 60.0 530.4 54
V28(iii) 3 359.9 61.4 515 54

c)

Site V29 - All the samples (except 13) showed a similar very well defined component
at high temperature, mostly above 480°C). Two values of the ChRM were obtained; one

erasing sample 13 (Tabs. 9.12.a, b).
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Sample N steps Dec Inc MAD T °C range
03 56 12.8 58.2 03 540/620
04 12 153 56.7 0.3 400/620
05 7 14.5 56.2 0.4 500/620
09 7 19.2 57.8 0.5 480/620
13 7 8.22 535 0.5 500/620
14 8 15.0 59.2 04 480/620
15 4 18.3 59.2 0.8 520/580

a)
Site N samples Dec Inc k os

V29(i) 7 14.6 57.2 8661 2.1

V29(i*) 6 15.8 57.7 2298 14

b)

Tabs. 9.12a,b - Site V29 directional results,
a) Sample best representative directions. b) Site mean values.
* excluding sample 13

b - Lava flow mean value
- Site V029 showed a unique very well defined mean value. Site V28 showed two
different values, both poorly defined, but one of which was similar to V029 (Tab. 9.13a).

The lava flow mean value is shown in Tab.913b.

Sample | N samples Dec Inc k . Olos
V028 3 15.5 60.0 530.4 54
V029 6 15.8 57.7 2298 14

a)
Lava N samples Dec Inc k Olos
1697 2 15.7 58.9 2471 5
b)

Tabs. 9.13a,b - AD 1697 lava flows directional results. ,
a) Sites best representative directions, b) Lava flow mean values.

9.3.2 - Palaeointensities
a-MIT
Two completely different estimate of the palaeofield were obtained from both MTT A-

B and C-D (Tabs.9.15ab). The low part of the temperature spectrum éhow'ed
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unacceptable high values of the palaeointensity (“_p to 227 uT), although the statxstlcal
parameters were still acceptable. The values obtained at high tempefature' ranges were
acceptable in terms of reliability and statistically and therefore they were used to calcuiéte
the lava flow mean value (Tab.9.15¢).

b- Microwave |

The three samples showed quite similar value of palaeofield (Tab.9.17a) but for sample
V29.7-1 it was defined in the high range of microwave power. A unique mean valﬁe for

the lava flow was obtained (Tab.9.17b,c).

9.4 - AD 1714 (1906)

9.4.1 - Palaeodirections

Site V38 - For each sample a single component was considered at high temperature
because of its better d.a (Tab. 9.14a), although a similar direction was _revealéd also |

considering the entire spectra of temperature. A unique value of the ChRM was obtained

(Tab. 9.14b).

Sample N steps Dec Inc MAD T °C range
01 9 356.6 50.6 0.8 480/630
03 11 358.7 50.6 0.9 480/630
0s 11 359.7 521 0.9 480/630

07A 5 356.1 53 0.8 520/610
08 6 1 3575 513 1.4 565/630

09A 11 3525 52.1 0.5 565/620

11A 7 355.6 50.2 09 480/630
12B 4 354.7 54.8 0.6 520/630

a)
Site N samples Dec Inc k Olos
V38 ' 8 356.4 519 | 15287 1.4
b)

Tabs, 9.14a,b - Site V38 directional results.
a) Sample best representative directions. b) Site mean values.
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V16897

MTTA-B  low medium high Al

I.Samples TEC) FWN[ N g [ q [ oo [TCC) [FBN N @ [ a [ oo [TCC) FWN N o | q [ o [T(C) [FD .
V28.3 150-520| 226.8) 13 | 0.86 | 3.15] 059 ] 500-595] 6.7 | 7 | 0.77 | 6.49 | 0.09

V29.6 150-500|166.0| 11 | 0.89 | 12.92| 0.15 460-595] 69.9 | © | 0.84 | 5.35 | 0.11

a) : '

MTT C-D low medium high all

Is_amples TCC) FWN N @ [ g [ oo [TCO [FWN N @ [ a [0 [TCC) PN N @ | a [ o [T(CC) [F(WT) .
V28.3 390-535|126.9] 8 | 0.79 | 6.41 | 0.16 | 500-580] 69.2 | 6 | 0.55 | 10.73] 0.04

V29.6 250-480 | 227.7| 7 | 0.62 | 8.41 | 0.21 480-560| 62.7 | 7 | 0.77 | 5.08 | 0.08

b) ‘ ‘

V1697 mean value

Samples | T(°C) [FuT) N | g | q | o F{uT)] std Tabs 9.15a,b,c,d - AD 1697: MTT palacointensity resulls.

V28.3 500-560! 88.2 | 5 [ 0.55]10.73] 0.04 89.5| 0.49 a,b) Palaeofield estimate grouped for temperature range.

V29.6 460-595| 69.9 | O | 0.84 | 5.35 | 0.11 d) ¢) Best site's representative values

c) d) Lava flow mean value

V1714(1908)

MTITA-B  low medlum high Al

Samples [ T(C) [F(R1)] N | @ q oy JTCC) TN N | g q a, [T(CC) [FWT)] N | g q op, | T(°C) [F(rT) oy
\V38.b 100-535| 84.9 | 14 | 0.86 | 10.80| 0.08 535-505] 24.1 | 5 | 0.65 ] 1.02 | 0.05

a) :

MTTC-D low ‘ medlum high all :

Samples | T(C) T N | 9 | 9 ] 6 JTCC) [FN] N| 9 ] 9 | oo JTCC) TN N] 0 | q | oo JT(CC) |F(uD) .
V38.b 150-535| 86.1 | 13 | 1.88 | 8.35 | 0.13 500-580 | 36.1 | 6 | 0.75 | 4.89 | 0.05

b) '

Tabs 9.16a,b - AD 1714 (1906): MTT palaeointensity results.
a,b) Palaeofield estimate grouped for temperature range.




LyE

V 1697 Palaeointensity resuits ffom Microwave experiment

sample |sub samplel Power range N f g q b Op |Fpalaso (uT) | Uncertainty
v28 1-2 50 - 70* 4 0.338]0.615]19.262] -1.697 0.018 84.828 4.404
_ 60-70 3 0.23010.390]| 4644 { -1.710 0.033 85.506 .18.412
v29 7-1 100 - 175 9 0.49910.732] 14.154] -1.918 0.0580 95.891 . 6.775
v29 72 [b}50 - 80* 4 0.649{0.5301 6.121 ] -2.020° | 0.114 100.996 16.501
fa] 60 - 90 .3 0.519(0.328} 9475 | -1.913 0.034 95.637. 10.094 .
a) (*) Including the first point D(NRM)
. ‘ mean value
Fpalaeo Tabs 9.17a,b,c - AD 1697: Microwave palaeointensity result
sample |sub sam Ie] faco ’ p y resulls.
__P ple| Fpalaeo (uT) | (u7) | st | a) All possible palacofield estimate.
V28 1.1 86.608 92.34 5982 b) Best site’s representative values
\\;g ;; :::g; ¢) ¢) Lava flow mean value
b)
V 1714(1908) Palaeointensity results from Mlcrowave experiment
sample jsub samplel Powe{x)ango N f g q b ‘Op | Fpalaeo (uT) | Uncertainty
v38 Ba-1 45 - 80 5 0.170{0.716] 1.209 | -1.567 0.158 | 78.341  84.789
'8)

Tab. 9.18 - AD 1714 (1906): Microwave paleointensity results.



9.4.2 - Palaeointensities

a-MIT

Both MTT A-B and C-D experiments (Tabs.9.16a,b) showed almost the same value of
the palaeofield and. both, the low and high part of the temperature spectrum;- showed
acceptable estimates of the palaeointensity. However the value obtained at 1§w
temperature' rénges was more statistically acceptable and was therefore used as lava flow
mean value as no other values were available to calculate an average.
| b- Microwave

Sample V38.6a-1 (the only one available for this lava flow) showed a unique estimate

of the pa;aéoﬁeld at low. power range, and statistically it was poorly defined (Tab.9.18a)

9.5-AD 1754

9.5.1 - Palaeodirections

a - Sites mean values

Site V39 - Two different groups of directibns, with MAD in the range 1-3, were found
which characterized respectively the medium and high temperatdre range (Tabs. 9'. 1-9'.'a,b).

Two different values of the ChRM were obtained (Tab. 9.19.c).

Sample N steps Dec Inc MAD T °C range
04 4 3334 67.1 1.2 500/550
05 7 337.7 66.1 1.0 440/565

06A 4 336.1 65.5 3.1 500/550
06B 4 337.7 63.0 1.6 520/565
09 5 335.5 65.5 24 © 500/565
14 5 330.8 65.8 1.3 480/565
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Sample | N steps Dec Inc MAD | T °C range
04 4 3458 | 67.7 29 565/610
05 4 345.8 65.7 0.8 565/610

06A 4 3504 61.6 2.7 565/610

06B 5 340.7 63.5 0.8 565/620

14 6 340.9 65.6 1.9 565/610
b)

Site N samples Dec Inc k Clos
V39(i) 6 3353 65.5 2126.1 1.5
V39(ii) 6 344 8 - 649 765.5 28

c) '

Tabs. 9.19a,b,c - Site V39 directional results
a,b) Sample best representative directions. ¢) Site mean values.

Site V40 - Two slightly different groups of directions, with MAD in the range 0.5-3, .
were found mostly at high temperature range (Tabs. 9.20.a,b). Two values of the ChRM

were presented; one erasing sample 13A (Tab. 9.20.c).

Sample N steps Dec Inc MAD T °C range
01 6 342.4 65.4 2.0 565/630
05 9 3429 64.7 18 500/620

06A 9 3424 63.0 0.7 © 535/620

07 8 3425 68.2 0.7 520/620

11A 8 3442 65.1 0.5 . 520/620

13A 4 3513 61.9 2.0 580/630

a)

Sample N steps - Dec Inc MAD T °C range
01 7 3359 625 20 420/550
08 7 3378 67.8 1.1 535/620

10A 5 336.7 66.4 1.8 580/630

b) '

Site N samples Dec Inc k CLos
V40(i*) 5 3429 65.3 1809.1 1.8
V40(ii) 3 336.7 65.6 853 42

. ) :

Tabs. 9.20,a,b,c - Site V40 directional results
a,b) Sample best representative directions. ¢) Site mean values.
*mean value obtained erasing 13A
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Site V41 - All the samples showed a similar very well defined component at high

temperature (mostly above 480°C). A unique value of the ChRM was obtained (Tabs.

9.21.ab).

Sample N steps Dec Inc MAD | T °C range
02A 5 343.4 61.5 1.1 565/620
02B 9 345.6 60.8 0.6 500/620

06 12 3475 62.5 04 440/620
07 11 3484 61.1 0.5 . 460/620
08 9 3415 66.6 05 - 500/620
09 11 343.7 61.4 0.7 460/620
11A 9 349.2 65.7 04 480/620
12B | 7 3513 | 63.7 0.5 - 520/620
a)
Site N samples Dec Inc k Qos
V41 8 346.2 63.0 9233 - 1.85
b)

Tabs. 9.21a,b - Site V41 directional results
a) Sample best representative directions. b) Site mean values.

b - Lava flow mean value

Site V041 showéd a unique well defined mean value, which was also found in sites
FV4O and V39 (Tab. 9.22a). These two sites also showed another direction that was
different in declination and also statistically acceptable. Therefore two lava flow mean

value were considered (Tab. 9.22b).

Sample | N samples Dec Inc k Qos

V039(i) 5 344 8 64.9 765.5 2.8

V040(i) 5 3429 65.3 1809.1 1.8

V041(i) 8 3462 | 63 9233 1.8

V039(ii) 6 3353 65.5 2126.1 1.5

V040(ii) 3 336.7 65.6 853 42
a)
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. Lava N samples Dec Inc k Los

1754G) | 3 344.7 64.4 32451 | 22
1754(ii) 2 336 65.6 38130 1.3
b)

Tabs. 9.22a,b - AD 1754 lava flow directional results.
ab. a) Sites best representative directions. b) Lava flow mean values.

9.5.2 - Palaeointensities

a-MIT

Two 'diﬁ‘ere;nt estimate of the palaeofield were obtained from both MTT A-B and C-D
(Tabs.9.23a,b). The low part of the temperature spectrum showed high values of the
palaeointensity (which were acceptable only from MTT A-B), with statistical parameters
still acceptable. The values obtained at high temperature' ranges were also acceptable in
terms of reliability and statistically. Two mean values were considered (Tab.9.23c).

b- Microwave

-A similar estimate of the palaeoﬁeld was obtained (Tab.9.25a) and it was defined, in
~ each sample, in the low part of the microwave power range. A unique mean value was,

therefore considered (Tab.9.25b,c)

9.6 - AD 1760

9.6.1 - Palaeodirections

a - Sites mean values

Sites V32, V34 &V35 - In all the samples a ﬁngle very well defined component was
revealed especially at high temperature (Tabs. 9.27a; 9.28a; 9.29a). For each of this the
three sites two values of the ChRM were considered: the second value usually obtained
excluding few samples with slightly different declination or inclination ('1' abs. 9-.27b;

9.28b; 9.29b).
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V1754

MTT A-B low medlum high Al
ISamples TCC) [Fwl)l N | ¢ q oy, | T(°C) [F(uT)] N q o, JT(°C) |F(rT) N | g q oy | T(°C) |F (R} q o
V39.7a 250-5351108.3] 11 1 084 1 635| 012] . 535-595] 17.7{ 5 | 064 ] 1.23 ] 0.12
V40.12a | 1650-535]101.8) 13 | 0.87 | 8.55 | 0.10 535-5951 2261 5 | 074 1.10 | 0.05
V41.7b 150-535| 96.8 | 13 | 0.82 | 7.73 | 0.12 535-595| 240 | 5 | 065 069 | 0.07

a)

MTT C-D fow medium " high all
Samples J T(°C) [F(WV] N | @ q op | T(¢C) [FeT)] N q opb | T(CC) [FWD) N | g q ap, | T(¢°C) [F(nT) q o
V39.7a 150-635/146.1| 12 | 0.88 1 6.36 | 0.25 1620-580{ 229 | 5 | Q.72 | 2.77 | 0.05
V40.12a ]150-520|144.4] 12 | 0.88 | 4.37 | 0.30 500-580] 31.9 | 6 | 0.79 | 3.83 | 0.06
V41.7b 160-250{108.2{ 12 { 0.84 | 7.65 | 0.13 500-580{ 448 | 6 | 0.74 | 564 | 0.06

b) -

V1754

Samples | T(°C) [F(uD)] N | ¢ q ay

V39.7a 250-535]108.3| 11 | 084 ] 635 ] 0.12 mean value

V40.12a |750-535|101.8] 13 | 0.87 | 8.55 | 0.10 wl)| std . . . '
V41 7b 1505351 968 | 13 (08217731012 1013 43 Tabs 9.23a,b,c,d-.ADl7S4. MTT palaeointensity results.

%) - q) a,b) Palaeofield estimate grouped for temperature range.
[Sampies T(°C) =T N P q oy F ()] std ¢) Best site's representative values .

V39.7a  |520-560| 228 | 5 | 0.72 | 2.77 | 0.05 33.2] 11.0 d) Lava flow mean value

V40.12a |500-580] 31.9 | 6 | 0.79 | 3.83 | 0.06

V41.7b 500-580] 448 ]| 6 | 0.74 | 5.64 | 0.06




£6¢

V1760

medium

MTT A-B low high All
If_amples TeC) [FnT)] N | ¢ q o, JT(C) [FIl)] N | g q o, J[TCC) [FUKD) N | ¢ q | o, | TeC) [Flul) o
V32.10 150-520 [ 100.1] 12 | 0.88 | 12.79] 0.09

V35.7a 150-520] 98.2 § 12 ] 0.87 | 4.81 | 0.14 500-595| 32.8 | 4 1 058 | 4.74 | 0.04
V34.12a [150-420]| 6§0.3 | 7 | 0.78 ] 2.89 | 0.11 420-580{ 24.0{ 5 | 0.65{ 0.69 | 0.93

a) .

MTTC-D low medium high all
Samples | T(°C) |F (rT)| N g q o, | TCC) [FeT) N g q o, § T(°C) |[F(rTH N 9 q o, | T(°C) {F (n1) o)
Vv32.10 250-535] 81.6 | 12 1 0891 8.15] 0.14 480-580| 42.0 | 7 | 0.48 | 1.83 | 0.10
V35.7a 300-520| 92.4 | 10 ] 085 ] 3.76 | 0.18 520-580] 248 4 | 067 | 1.15 | 0.11
V34.12a ]250-440] 643} 7 ] 0.79 | 4.02 ] 0.09 ]420-535} 228 | 7 | 0.77 | 573 | 0.03

b)

V1760

!_S_a_mples TeC) [FT N | 9 q oy

Vv32.10 150-520]100.1] 12 | 0.88 | 12.79 0.09 mean value

V35.7a 150-520| 98.2 | 12 | 0.87 | 481 | 0.14 ni)| std : . .

V34123 98.1] 2.79 Tabs 9.24a,b,c,d - AD 1760:M1Tpalaeomten31ty results.

o) d a,b) Palaeofield estimate grouped for temperature range.
Samples | T(°C) [T )| N | g q G 1) std c) Best site's representative values

V3210 |480-580] 42.0 | 7 | 0.48 | 1.83 | 0.10 32.4] 9.58) d) Lava flow mean value

V35.7a 500-595]| 3256 | 4 | 058 | 4.74 | 0.04

V34.12a |420-535| 2281 7 | 0.77 ] 573 ]| 0.03




vse

V 1764 Palaeointensity resuits from Microwave experiment

Fpalaeo

gample (sub sample Pow?é,r-ang °l w f g q b Oy (uT) Uncertainty
v38 10b-1 42-78 9 |0.170]0.795]| 5.079| -1.399 | 0087 | 69.936 13.770
v3g 10b-2 33-60 7 10209]/0806{3526] -1565 | 0075 | 78.244 22193
Va0 7b-1 48- 75" 6 10.227/0.723}1 2554 -1.320 0.089 | 68.800 27.216
S0-75 5 ]0131]0.702]0.733] -1450 | 0.182 | 72.486 98.856
vt 4a-1 46 - 72* 5 ]10192]0.742| 5347 | -1.460 | 0039 | 72.996 13.652
50-72 4 10.135/0656| 2514| -1510 | 0053 | 76.818 30.038
Va1 4a-2 S0 - 68* 6 |0452]|0.735|8899| -1.225 | 0046 | 61.268 6.885
55 - 68 5 036810652} 4530 -1.223 | 0065 | 61.174 13.504
a) (*) Including the first point D(NRM)
mean value Tabs 9.25a,b,c - AD 1754: Microwave palacointensity resulls.
Fpalaeo (uT) a) All possible palacofield estimate.
c) — std b) Best site's representative values
70.39 o.18 .¢) Lava flow mean value

V 1760 Palaeointensity results from Microwave experiment

sample |sub sample Pow;r&mnge N f g q b Ob Fﬂ;;o Uncertainty
Va2 131 33-60* S [0181[0.722{3.234] -1.011 ] 0041 | 60.648 15.632
40-60 4 ]0.114[/0645/00937| -1.008 | 0079 | 60.378 53.751
£0- 126* 7 10.10810.788] 1321 | -0.891 0064 | 49.528 37.500
[a] 8- 125 6 |0086{0.731]0891] 0916 | 0.065| 46.821 51.412
v35 91 [b] 125175 8 ]0.397]|0.730]17.090] -1.681 0029 | 84.034 4917
50-175* 14 10505]0.824]12.772] -1.507 .| 0049 | 76.362 5.900
[c] 58-175 13 |0.484]/0.810]11.765] -1.534 | 0.051 | 76.709 8.520
v34 8-1 37-72 6 ]0259]05641 8519 -1.270 | 0022 { 63.480 7.452
v34 8-2 42 -S8 7 ]0.213|0.777| 4620] -1.288 | 0046 | 64.380 13.934

a) (*) Including the first point D(NRM)

c)

mean value
Fpalaeo (uT) std
63.78 | 10.69

Tabs 9.26a,b,c -AD 1760: Microwave palacointensity results.
a) All possible palacofield estimate.
b) Best site's representative values

¢) Lava flow mean value

sample |sub sample|Fpalaeo (uT)
V38 10b-1 68.936
V39 10b-2 78.244
V40 7b-1 69.600
Va1 4a-1 72.996
V41 4a-2 61.269
b)
sample |sub sample|Fpalaeo (uT)
Va2 131 60.648
V35 91 76,709
V34 81 83.480
V34 8-2 64.380
b)




Sample N steps Dec Inc MAD T °C range
01 7 344.1 65.5 0.5 550/630
03 6 343.6 62.9 1.4 565/630
06 6 3425 64.4 1.2 550/620
07 12 343.7 60.6 0.6 460/630
11 7 345.0 61.1 0.7 550/630
12 7 342.1 67.9 0.8 535/630

a)

Site N samples Dec Inc k Olos
V32(i) 6 343.6 63.7 832.6 23
V32(i*) 5 343.8 62.9 14421 20

Tabs. 9.27a,b - Site V32 directional results.b) -
a) Sample best representative directions. b) Site mean values.
*mean value obtained erasing sample 12

Sample | N steps Dec Inc | MAD | T°C range
01 6 347.2 63.6 0.7 520/595
02 6 3447 60.2 03 520/595
03 6 346.2 64.5 0.6 520/595
04 7 346.7 64.0 04 500/595
06 6 - 3440 59.1 0.9 480/565
11 7 344 4 66.1 04 390/535

a)

Site N samples Dec Inc k Qos
V34(i) 6 345.5 629 862.1 23
V34(i*) 5 345.8 63.7 1317.5 2.1

Tabs, 9.28a,b - Site V34 directional results. b)
a) Sample best representative directions. b) Site mean values.
*mean value obtained erasing sample 06

Sample N steps Dec Inc MAD T °C range
03 7 3453 59.7 09 535/620
04 7 3519 65.2 1.0 550/630
0s 8 3499 63.9 0.6 500/620

06B 7 3415 599 0.7 550/630

07B 8 347.5 61.8 0.6 520/620

08 9 343.1 59.2 04 500/620

10A 8 337.6 58.7 0.5 520/620

10B 4 342.0 595 - 08 595/630

11A 10 347.7 62.4 08 480/630

12 4 346.2 65.9 0.7 595/630
13 7 3476 679 0.7 535/620
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Site N samples | Dec Inc k Qlos

V35(i) 11 3452 622 4829 2.1

V35(i*) g* 3453 | 616 | 8311 19
b)

Tabs. 9.29a,b - Site V35 directional results.
a) Sample best representative directions. b) Site mean values.
*mean value obtained excluding samples 04,10A,13
b - Lava flow mean value
All the sites showed very similar mean directions and also -statistically well defined

(Tab. 9.30a.). One lava flow mean value was therefore obtained (Tab.9.30b).

Sample | N samples Dec Inc k Qos -
V032 5 3438 62.9 1442.1 2.0
Vo34 | . 5 3459 | 63.7 1317.5 2.1
vVo3s | 8 3453 | 616 831.1 1.9
_ 2
Lava N samples Dec Inc k Olos
1760 3 3450 | 627 4871.4 1.8

. b)

Tabs. 9.30a,b - AD 1760 lava flow directional results.
a) Sites best representative directions. b) Lava flow mean values.

9.6.2 - Palaeointensities

a-MIT |
' Inboth MTT A-B and C-D (Tabs.9.24a,b) the low part of the temperature s;}eétmm
showed high values of the palaeointensity with statxsucal parametei's s'all acceptablé. The
low values obtained at high temperature’ ranges were a]so acceptable in terms of rehablhty
and statlstlcally Two mean values were conmdered (Tab.9.24c).

b- Microwave .

All samples shoWed quite similar estimate of the palaeofield (Tgb.9.26a). Sample
V35.9-1 showed different slopes and in this case an increase in the palaeofield estimate
w1th the increasing power range Was observed. A unique mean value for this lava flow

was obtained (Tab.9.26b,c).
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9.7- AD 1806

9.7.1 - Palaeodirections

a - Sites mean values

Sites V24 - All the samples showed a very similar component but defined within

different range of temperature (Tab. 9.31a). A unique value of ChRM was, therefore

obtained (Tab. 9.31b)

Sample N steps ~ Dec Inc MAD | T°C range
04 4 3486 57.7 0.6 480/535
06 5 346.5 56.9 0.7 500/565
07 5 347.6 59.0 0.7 480/565
09 8 346.0 58.6 0.7 200/440
10 8 351.8 58.1 1.7 - 150/440
12 6 3483 56.0 1.9 390/535

a) o
Site N samples Dec Inc k s
V24 6 348.1 57.7 2697.6 1.3
b)

Tabs. 9.31a,b - Site V24 directional results.
a) Sample best representative directions. b) Site mean values.

Sites V25 - All the samples showed a very similar component with a medium MAD (~

3). A unique value of ChRM was obtained (Tab. 9.32a,b)

Sample N steps Dec Inc MAD | T °C range
03 7 348.2 60.6 3.6 360/500
05 13 3442 553 3.6 20/500
07 6 3506 63.3 3.7 250/460
08 7 347.1 59.2 26 250/440
09 13 348.0 593 25 20/500
11 6 3442 50.4 2.0 420/565

a)
Site N samples Dec Inc k o5
V25 6 346.8 58.0 2942 3.9
b)

Tabs. 9.32a,b - Site V25 directional resuits.
a) Sample best representative directions. b) Site mean values,
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b - Lava flow mean value
Both sites showed very similar mean directions but only site V24 was very well defined

(Tab. 9.33a.). The average of these two values gives obviously a very high value of k

(Tab.9.33b). .
Sample | N samples Dec Inc k QLos
V024 6 348.1 57.7 2697.6 1.3
V025 6 346.8 58 2942 3.9
a)
Lava N samples Dec Inc k os
1806 2 347.5 579 23173 1.6
b) '

Tabs. 9.33a,b - AD 1806 lava flow directional results.
a) Sites best representative directions. b) Lava flow mean values.

9.7.2 - Palaeointensities
a-MIT |
Sample V24.5 éhowed unacceptable high value of the palaeointensity at low
temperature m both MTT A-B and C-D. The values obtained at high temperature' ranges
which were acceptable in terms of reliability and statistic properties, were quite similar to
those obtained at low temperature in saniple V25.1 (Tabs.9.‘34a,b). Those values were
used to calculate the mean values (Tab.9.34c). |
b- Miao#@e
. The oﬁly value considered was that one obtained at low power raﬁge for sample
V25.2-1 as the besf statistically defined (Tab.9.40a). Sample V24.3-2 showed a very

similar palaeointensity estimate but it was statistically very poorly defined.
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V1808

MTT (A-B) low** medium high All

Samples | T(°C) IFnT)] N | ¢ q o, JTCC) [FR)f N | g q op | T(°C) |F {nl) 9 q op | T(C) [F{nh) Oy
V24.5 160-4601131.9] 9 | 085 ] 222 | 0.38 §440-535| 29.8 | 6 | 0.65] 3.80 | 0.04 .

V25.1 250-4401 598 | 7 | 0.79 ] 2.16 | 0.55 }420-535] 7.4 6 | 067 215] 0.02

a) '

MTT (C-D) low medlum. high all

Samples § T(°C) [F{nT)} N q oy ] T(°C) wWhHI N g q G | T(°C) [F(RD) 9 q gs | TCC) [F(RD) op
V24.5 300-520 | 160.7] B | 0.84 | 2.94 | 0.39 ] 420-520] 30.4 | 5 | 0.67 | 4.95 | 0.05

V25.1 250-4201 4141 6 [ 069 ] 3.11 ] 0.08 420-565| 8.8 0.30 | 1.14 { 0.01

b)

v1soe mean value Tabs 9.34a,b,c,d - AD 1806: MTT palaeointensity results.

.s_amples Tec) (Ml N g9 1.9 Jb (1)} std a,b) Palacofield estimate grouped for temperature range.

V24.5 420-5201 304 | 5 | 0671 495] 0.05 35.9]7.83 cS Best site's representative values

Vv25.1 250-420| 4141 6 | 069 | 3.11 | 0.08 d)

c)

d) Lava flow mean value




9.8 - AD 1839

9.8.1 - Palaeodirections

a - Sites mean values |

Sites V42, V43 - In all the samples a single very well defined componenf was revealed
especially at high temperature (Tabs. 9.35a; 9.36a). For each sites a unique value of the
ChRM was considered (Tabs. 9.35b; 9.36b).

Sites V44 - All the samples showed similar component but defined within different
range of temperature and with MAD between 0.5 and 4 (Tab. 9.37a). Two values of

ChRM were obtained; one excluding sample 08 (Tab. 9.37b)

Sample | Nsteps | Dec * Inec MAD | T°C range |
01A 8 354.5 56.7 1.0 520/620
02A 6 3492 559 0.8 550/620
04A 11 3539 57.0 0.6 440/620
06A 10 3505 574 1.0 460/610
08A 5 346.7 555 0.8 520/595
10A 8 349.7 57.3 0.7 460/595
12A 6 3483 574 06 . 520/610
13A 4 347.0 55.8 1.0 550/610

a)
Site N samples Dec Inc k os
V42 8 3499 | 56.7 2065 12
b)

Tabs. 9.35a,b - Site V42 directional results.
a) Sample best representative directions. b) Site mean values.

Sample N steps Dec Inc . MAD T °C range

01B 6 346.6 ' 56.2 0.9 550/620
03A 7 347.2 57.6 0.8 520/620
04A 5 3482 55.9 1.0 550/610
06A 6 348.5 56.0 1.3 550/620
07A 6 347.6 56.6 1.1 550/620
08A 9 3454 55.8 0.8 500/620
09B 7 348.2 55.8 0.5 500/620
12A 7 345.5 58.5 0.8 520/620
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Site N samples Dec Inc k CLos
V43 8 347.2 56.6 4594.7 0.8
b)

Tabs. 9.36a,b - Site V43 directional results.
a) Sample best representative directions. b) Site mean values.

Sample N steps Dec Inc MAD | T °C range
01A 4 348.6 61.8 3.1 250/480
- 03A 5 346.3 579 2.6 . 250/440
04B 5 347.5 60.3 2.1 480/550
07A 13 350.2 58.3 2.7 100/520
08A 6 340.7 60.9 2.6 360/520
09A 6 3442 59.6 1.1 390/520
11A 4 348.6 56.2 2.1 480/565
12A 6 345.1 58.7 1.9 440/565
a)
Site N samples Dec Inc Kk os
V44(i) 8 346.7 592 1170.1 1.6
V44(i*) 7 3472 59.0 1472 4 1.6
_ b) -

Tabs. 9.37a,b - Site V44 directional results.
a) Sample best representative directions. b) Site mean values.
*mean value obtained excluding sample 08A

b - Lava flow mean value

All the sites showed similar mean directions and statistically very well defined (Tab.

9.38a.) The lava flow mean obtained is shown in Tab.9.38b)

Sample | N samples Dec Inc k QLos
V042 7 347.2 59.0 14724 1.6
Vo043 8 347.2 56.6 45947 0.8
V044 8 3499 | 56.7 2065 1.2

a) ‘
Lava N samples Dec Inc k Clos
1839 3 348.1 574 2570.8 24
b)

Tabs. 9.38a,b - AD 1839 lava flow directional results.
a) Sites best representative directions. b) Lava flow mean values.
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9.8.2 - Palaeointensities

a-MIT

Sample V42.5 showed unacceptable high value of the palaeointensity at low
temperature in both MTT A-B and C-D, while the values showed at medium and high
temperature were acceptable in terms of reliability and statistically. Similar acceptable
values were also obtained at high temperature in sample V43.13b and at low temperature
in sample V44.6a (Tabs.9.39a,b). Best representative values for each sample were used to _
calculate'the mean values (Tab.9.39c¢).

b- Microwave -

| Sample V443b-2 showed a very unaccept;lble high value at low power range. All the

other at the same range, were quite similar (Tab.9.41a) and widely acceptable. One mean |

value for th15 lava flow was obtained value (Tab.9.41b,c)

9.9 - Comparison of Mean M#gnetic Values with Rock Magnetic Properties

It is important to underline that the magnetic properties were obtained be analysing
only a few samples (2 or 3) out of, generally, 15 from the same site, all of which were
close to each other. However, all the samples used for magnetic mineral and grain size
ixivestigations were taken next to those used for thermal and nﬁcrowave experiments.
Therefore, the magnetic properties can be coﬁsidered to be typical for each singleA site.
The magnetic préperties (Chapter 8) were identified as beionging to two main groups, A
(which was divided in two slightly different sub-groups, Al #nd A2) and B. Samples of
Al/A2 grohps, as already described in section 8.6, are characterized by the dominance of
high coercivity Ti-poor titanomagnetite, while those of group B, afe characterized by the
dominance of titanomagnetites with relatively higher content of titanium and lower

coercivity. The

362



£9¢

V1839

MTT A-8 low medium high All
Samples [ T(°C) [FIkT)] N | g q a, |TCC) [FBT)] N | ¢ q g [TCC) PRI N | o q ap | T(°C) [F(nT) ay
V42.6b 300-440|248.7] 6 | 0.76 | 0.36 | 0.85 |440-535] 6.0 | 6 | 0.68 | 7.03 | 0.06 | 420-595] 42.2 | 7 | 0.36 [16.45] 0.01
V43.13b . 390-520( 619 7 | 0.58 { 5.74 | 0.05 [390-595{ 37.0 | 9 | 0.43 |16.93] 0.01
V44 .6a 250-460] 374 | 5 | 048 | 2.48 | 0.08 | 460-535| §.9 4 | 060082 | 0.02
a)
MTT C-D low medium ‘ hI@ all
Samples | T (°C) [F (nl) g q oy JT(CC) [F{wl)] N | g q g, |T(C) [FWD)) N} ¢ q ] o JT(C) [FWD o
V4260 |150-520]131.8] 12 | 0.76 | 15.37] 0.22 | 460-560] 39.4 | 6 | 0.47 | 36.18] 0.02 | 520-560] 23.1 | 5 | 0.61 | 7.11 | 0.04
V43.13b | 150-500{100.6] 11 | 0.82 | 297 | 0.18 480-5801 321 | 7 | 068} 9.27 | 0.03
V44 6a 150-4401 44.2 | 8 | 0.70] 3.67 | 0.11 480-580| 4.3 8 {068 288 | 0.01
b)
V1839 mean value
Samples | T(°C) [F(1)] N | g q | o NP V)] std Tabs 9.39a,b,c,d - AD 1839: MTT palacointensity results.
V42.6b 460-560{ 38.4 | 6 | 0.47 {36.19{ 0.02 L3789 13 a,b) Palaceofield estimate grouped for temperature range.
V43.13b 390-595| 37.0 9 0.43 116.93] 0.01 d) c) Best site's representative values )
V44 6a 250-460| 374 | 5 | 048] 248 | 0.08

d) Lava flow mean value
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Vv 1806 Palaeolintensity results from Microwave experiment

Power range Fpaleeo
sample |sub sample N f b (o] Uncertain
sample (s p ) 9 q b | ) ty
2-1 26-75 14 10.308{0.878/8.105] -1.198 | 0.040 | 69.904 7.391
v25 232 - - - - - - - ~
v24 3-2 20-27 4 10.14510656(0.376| -1.147 | 0.289 | 57.337 152.294
a)
Tab. 9.40 - AD 1806: Microwave paleointensity results.
V1839 Palaeointensity resuits from Microwave experiment
samplie |sub sample Power range N f g q b " Op ﬁaleeo Uncertainty
S L/ {x7)
v42 13b-1 50-65 4 10.187[(0642|1.124] -1.089 | 0.118 | 64.931 48,869
va3 9c-2 42 - 80* 9 10.16610.827]4.135] -1.081 0.035 | 53.031 12.826
" 45-80 8 10117]0.829]12124| -1.066 | 0.049 | §3.321 25.109
3b-1 29 - 60 6 [0.214({0.778{1.369] -4.409 | 0.537 | 220.455 161.011
v44
3b-2 - - - - - - - - -
a)
mean value
sample |sub sample| Fpalaeo ( uT) Fpalaco N Tabs. 9.41'a,b,c - AD 1839; Mimwave paleointensity results.
. T) S a) All possible palaeofield estimate.
vaz] 13b-1 54.931 . 53.98 1.34 b) Best site's representative values
V43] 9c2 53.01 c) ¢) Lava flow mean value

b)



palaeointensity expeﬁxﬁent always showed an inverse relationship between the
temperature ranges and the palaeointensities estimated, with slightly concave curves or
two clearly different slopes for temperature v. intensity. In contrast, the microwave
experiments showed mostly convex curves for power v. intensity, when more then one
slope was defined. (The two methods are compared later in section 10.3.)

9.9.1 -Thermal experiments

a-AD 79-1631

Palaeodirection - As described in section 7.7, all the sites from this very large lava
flow showed magnetic properties that belong to three different groups (Tab. 8.2). All the
sites (V27, V31, V36, V37) belonging to the Al and A2 groups showed well defined )
mean directions (aes <3°) for their high temperature components. The least well-defined
results (os >3°) and most inconsisteﬁcy were showed by the mean directions of V26 and
V33, mostly calculated from their low/medium temperature component. Both of thése
sites had magnetic properties belonging to group B. Surprisingly site V30, referred to as
Ex in Chapter 7 because of its exceptional behaviour, showed acceptable (0ws=2°) |
medium/high temperature directional resulté (Tabs 9.1a,b). These were also very'
consistent with all the other site results, despite being characterized by a titano-haematite
magneﬁc carrier. .

Palaeointensity - Samples from sites V27, V31, V36 and V37 (groups Al/AZ),
showed unrealistically high values (>100 mT) at low temperature and accéptable values at
high temperatures. Samples from sites V26 and V33 (group B) values at both low and
high temperatures were clearly lower than those compared with the other samples; the
low temperature range showed the more acceptable values. Sample V30 (Ex) showed a
unique acceptable value of the palaeofield, during MTT A-B, while it behaved in the same

way as the samples belonging groups A1/A2 during MTT C-D.
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b-AD 1697, 1714(1906), 1754 & 1760

All the site magnetic properties belong to groups A1/A2 and samples showed the same
palaeodirection and palaeointensity behaviour.

Palaeodirectjon - All sites showed very well defined mean directions obtained from
high temper#ture components.

Palaeointensity - The Thellier experiment showed the highest values of the palaeofield
at low temperatures. However in sites 1714(1906), 1754 and 1760 lava flows, the low
temperature component seemed to be the most reliable and statistically acgeptable.

c-AD 1806

Palaeodirection - Sites V24 and V25 belong to group B and showed mean directions .
very similar to each other. However, while the V24 mean value was from components
that were very well defined mostlyAin the medium/high rémge of temperatures, the V25
mean direction was obtained from components less defined in the low/medium range.

Palaeointensity - In samples from site V25, the values obtained, at low and high
temperature, were clearly lower, compared with all the samples from the other sitesA and
consistent with all the other “B> behaviour samples. The low températixre range showed
the more acceptable value. Sample from site V24 séemed to behave as the saﬁples
belonging to A1/A2 groups, showing a very high value at the low temperéture range and
. amore acceptéble, more precise value at high temperature.

d-AD 1839 |

Palaeodirection - Sites V42 and V43, belonging to the A1 and A2 groups, showed a .
very well defined mean directions (respectively a95= 1.2° and 0.8°) which were obtained
from high temperature components. Although site V44 belongs to gréup B it ‘also

showed a well defined mean direction (095=1.6°) that was very consistent with the other
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two. The only difference was that its mean value was calculated from components
identified both low/medium and medium/high temperature ranges.

Palaeointensity - Samples V42, V43 (groups A1/A2), showed very high values at low
temperature and acceptable values at high range. In the sample from site V44 (group B),
the values obtained, at low and high temperatures, were clearly lower compared with all
the other samples. Furthermore the low temperature range showed the more acceptable
values that appeared to be consistent with the other sample values.

9.9.2 - Microwave experiments

In general, one palaeofield esﬁmate was obtained from the low range of the microwave
power, As pointed out earlier, in the few samples that showed more than one value, both ‘
a direct and inverse relationships between microwave power and palaeointensity estimates
were found, resulting in graphs that showed slightly convex/concave curves or two
different slopes.

9.9.3 - Conclusion

a - Palaeodirection

The best results, in terms of precision and consistency within the same site, and also
between sites within the same lava flow, appear to be obtained for samples belonging to
groups Al and A2, ie. characterized by the dominance of high coe;civity Ti-poor
titanomagnetite. The most important general behaviour, which appeared clearly in all
these samples, is that they showed very well defined components w1thm high range of
tempeiature (usually greater then 520°C). VSamples of group -B, characterized by higher
Ti titanomaénetites and lower coercivity compared with A1/A2 groups, gave less defined
results that were generally from a medium range of teinperature (390-500°C). Sités V24
and V44 showed the best statistical results in this group, almost compafable with those

obtained by the samples of groups A1/A2. After a further review of their magnetic
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properties, they appeared to have intermediate characteristics lyingA between groups
Al/A2 and B. In fact, sample V24.2 had K and Karwm values (Tab. 8.1) comparable with
the other of group B while their Her values were clearly more similar to groups A1/A2.
In sample V44 .4a all the values were comparable with those of group B but its
mineralogy (see section 8.6¢c) showed the coexistence of high and low coercivity Ti-poor
titanomagnetites. Site V30 (Ex) showed acceptéble results although it seemed to be
characterized by a titano-haematite magnetic carrier. The medium temperature (up to
460°C) components, identified within most samples, could be due to the presence of the
titanomagnetite (x=2) observed in the soft coercivity fraction of the 3 axes IRM
experiment (section 7.6d). A coexistence with a low percentage of titanomaghetite, with |
higher Tub, can only be hypothesised but not clearly éﬂirmed, as an explanation of the
source of the high tetﬁperature components identified within some samples.

b - Palaeointensity

All the samples belonging to groups A1/A2 showed very high values (sometime too
high) over low temperature ranges and acgeptable value at high temperature rangés. All
the samples (except V24) belonging to group B showed clearly lower values at low and
high temperature ranges. Sample V30 (Ex) behaved as samples of groups A1/A2. A
closer apalyses of the magneto mineralogical characteristics. of these two apparent
- anomalous behaviours (V24, V30), showed that they had rock magnetic parameters that
were different from all the otherg used to classify the different groups, gxcept for Heg
which was comparable with all the values showed by A1/A2. Although more evidence is
needed, this seems to suggest that, of the thermally ana_]ysed samples, the grain sizes were
significantly influential on the palaeointensity determination. However, this behaviour
could be due to the fact that in general the magneto-mineralogy was almost the same in all
the samples, and the few exceptions may be untypical. No particular relaﬁonship was

observed between magnetic property groups and microwave components behaviour.
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Although Hill & Shaw (1999 and 2000) illustrate that the microwave method uéing the
perpendicular field method is highly successful for recent lava, for Vesuvian lavas it was
not possible to get very high quality results. Reasons for this results just acceptable, could
be human error when the experiments were carried out (it is, in fact, very easy with the
microwave equipment to change the direction of the applied field) or that the samples
contained secondary components that were not removed. Furthermore the samples need
to be isotropic (but this is usually the case for lava) and the primary direction of '
magnetisation should be stable, although almost all the thermal experiments and some
microwave demagnetization showed that the sample analysed can be considered

characterised by single component.

9.10 — Paleo-Secular Variation Curves

9.10.1 - Directions

All the sites mean values obtained have been plotted on a DEC/INC graph (Fig. 9.1)
with their relative 95% probability error bars (6Dec and 8Inc). All the sites define two
clear trends: A) with a declination around 15° and B) thh a declination around 350° (-
10° on the graph). Sites of the AD 79-1631 lava flows lie very close to each other on the
arc A, excépt sites V033 aﬁd V026. Both of these have poor statistical definitions (aws
and MAD). On thxs basis and for their magnetic properties (section 9.9), they will not Be
considered here. Site V028 and V029 (AD 1697) lie quite close to each other. The
former will be considered, despite a large scatter, for several reasons. Its mean value has
been calculated frorh only three samples but with very well defined components (see Tab.
9:11). Its mean value is consistent with V029 ﬁat has a good statistical deﬁnition.
Finally, its magnetic properties did not show anomalous behaviour. Both sites lie oﬁ arc
A at a lower inclihation than that showed by sites belonging to AD 79-1631. Each of AD
1754,1760,1806 and 1839 lava flows has sites that lie very close to each other. In
general, they lie on arc B, with a progressive decrease in inclination with age. Sample
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V038 belongs to an uncertain lava flow (1714/1906), lies on the arc B with the lowest
inclination and is therefore inconsis;cent with the 1714 age, but consistent with the
alternative 1906 age. Consequently, all the lava flows seem to define two different arcs
(A and B), with A having a clockwise trend with decreasing age, and B have an
apparently anti-clockwise trend. | ‘ |
The lava flows mean values, with their relative error bars, are then cémpared with
other results from a recent palaeomagnetic study on Mt. Etna, Mt. Arso (Ischia, Naples)
and Mt. Vesuvius (Angelino et al., 1999, Incoronato, 1996, Gialanella et al., 1998). All
the lava values of Dec and Inc, summarised on the South Italian Secular Vaﬁiation Curve
(SISVC), have been relocated to Vesuvius via the inclined geocentric dipole method
(Noel and Batt; 1990) and will be referred to as V (for Vesuvius), E (for Etna) and A (for A
Arso). The curve, relocated to Vesuvius, will be referred to as VSVC. |
The VSVC shows a clear clockwise trend (Fig. 9.2), starting from E1284/85 until
E1983, and a medieval branch with an upward trend. The clearest result is that the lava
flow mean value obtained from V79-1631 has exactly the same direction of the V1631 on
the VSVC. Therefore, the mean value obtained from the directional study can be ascribed
to that time. The age attributed in literature to V1697 lava flow seems to be wrong. In
fact, its mean value, as descﬁbed earlier, has a lower inclinatioh than V1631, and lies
between E1595 and E1537. Because of its hlgh error in Dec and Inc it could also have a

medieval age or even be attributed to V1631. However, as discussed earlier; site V29

(see Fig. 9.1) is much better defined and seems to suggest a mid XVI century (~AD1540). |

Both the mean values obtained from V1754 and V1760 lie very close to the previously
' identified V1760 lava ﬂow.. Furthermore, they follow the same clockwise trend. The age
attributed in literature to these two lava flows seems, therefore, to be correct. The same
observations can be made for V1806 and V1839. They both lie before V1858, very close
to the VSVC, and fbllowing the same trend. The mean value from the site V038 seems to
resolve the uvncertaintyvon the age of this site (1906 or 1714). Although it lies far from

V1910, a recent age seems much more realistic than AD 1714.
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9.10.2 - Intensity

All the sites mean values have been plotted on time-dependent graphs with their
relative standard deviations. On the basis of the ambiguous directional results obtained for
the AD 1697 lava flow (section 9.10.1), two different ages are considered: the ages
attributed in literature and that suggested by thé directional data (~AD 1540). The meén
value from the site V038 does not seems to résolve the uncertainty on the age of this site
(1906 or 1714). However a high value of the palaeointensity (~85 uT from MTT and
~100 uT from microwave), appear unrealistic for the first option, therefore the older age
will be considered.

The values of the palaeointensity obtained for AD 1631 from both MTT and
microwave experiments are quite similar.

MTT experiment - As the palaeointensity results showed for both AD 1754 and AD
| 1760 two possible values (see Tabs. 9.23 and 9.29), both are considered. Starting from
the last century the intensity plots seem to show a slight decrease until AD 1806 (Fig.
9.3a,b) or AD 1754/60 (Fig. 9.4a,b). This is followed by a quite rapid increase until the
beginning of the XVIII century. If the correct age for V28 and V29 is AD 1697 .(Figs.
9.3a and 9.4a) then the palaeointensity seems to stay fairly constant until AD 1631. If the
age AD 1540 is considered correct then the palaeointensity shows a slight decrease (Figs.
9.3b and 9.4b)

Microwave experiment - The results seem to show a general but clear _ipcrease in
intensity with the decreasing time. This trend is even clearer if sites V28 and V29 are

considered to be of AD 1540 (Fig.9.5a,b).

373



1 743

Field intensity (uT)

a) - Intensity plot

1200
110.0
100.0 -1
90.0
80.0 4
70.0 -
60.0
50.0
40.0 4
30.0

Va7 v30
V31 v33
V36 v37

v26 %"““*—-—o‘ V28 V29 \

V39 V40 V32 v34
\'Z L *EE{ V35
- \

FrVas \
/ \

\

\
N V42 V43
\E'——-m

Va4 v25 V44

LE— T

20.0
1450

1500 1550 1600 1650

1700 1750 1800 1850 1800
Time (Years)

1950

~ b) - Intensity plot

120.0
110.0 4
100.0 -
90.0 -
80.0 |
70.0 |
60.0 1
50.0
40.0 -
30.0 |

Field Intensity (uT)

. w/
’%"—-__—--" V38 \
_—————— \
B \

V28 v29 . Vaé
Va7 v30
V31 Va3
V36 v37

V39 v40

Va1 By v32v34
- \ V35

\ V42 V43
\ V44

\
V24 V25 %—-"'m

—_

20.0
1450

T T T ~T

1500 1550 1600 1650 1700 1750 1800 1850 1800

Time (Years)

1950

Fig. 9.3a,b - Time-dependent graph with all thermal palaeointensity results.
In a) and b) two different ages are considered for sites V28 and V29 (see section 9.10.2).

In both graphs the highest values

obtained for sites V39,V40,V41 and V32,V34,V35 are shown.
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Fig. 9.4a,b - Time-dependent graph with all the thermal palaeointensity results.
In a) and b) two different ages are considered for sites V28 and V29 (see section 9.10.2).
In both graphs the lowest values obtained for sites V39,V40,V41 and V32,V34,V35 are shown.




a) Intensity plot

120.0

110.0 - : vag va29
100.0 -
90.0 - % ’,._——-{k\ V38

80.0 B
70.0 4 -~ V24 V25
V26 V39 V40 ————

60.0 - -
50.0 - va7 v3o0 va1 ~-&
V31 V33 V32 V34 V42 V43

40.0
V36 V37 V44
~30.0 | Va6 :
20.0 T v T T T T T T
1450 1500 1550 1600 1650 1700 1750 1800 1850 1800 . 1950
Time (Years)

Field Intensity (uT)

9LE

b) Intensity plot

120.0
110.0 -
100.0

. V28 V29
90.0 - e V38
- V32 v34

80.0 A -~ V35 V42 V43

70.0 - '
60.0 - V26 V39 vdo TTTmmm- v

50.0 - ) Va7 v3o Va1 V24 V25
40,0 V31 V33
30.0 - S V36 v37
20.0 T T T

1450 1500 1550 1600 1650 1700 - 1750 1800 1850 1800 1850
' Time (Years) ‘ :

—--—-——-—~-m~

Field Intensity (uT)

Fig. 9.5a,b - Time-dependent graph with all microwave palaeointensity results.
In g) and b) two different ages are considered for sites V28 and V29 (see section 9.10.2).
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Chapter X

CONCLUSIONS

10.1 — Validity of historical reports
"L 'ultimo rivo di fuoco allagando la campagna ne bruciava alcune, altre tralasciava
senza far danno e per labirinti e per giri, in sembianze di un meandro, fiammeggiante,
serpeggiante, diede finalmente nella strada regia” (from Recupito, 1635)

The recorded history of Vesuvius has been largely handed down througﬁ oral traditions
and the writings of historians and chroniclers. Hundreds of papers have bee‘n wﬂtten about
its eruptive history and its pioducts, although geo-volcanological mapping is surprisingly .
scarce (Johnston-Lavis, 1891, Ufficio Geologico d'ltalia, 1910, Servizio Geologico d'ltalia,
1971). The middle period, the A.D. 79-1631 time-span, has few and intermittent historical
documentation (the most famous is certainly the description of the AD 79 eruption reported |
by Pliny the Younger), while the youngest period (1631-1944) is, on the whole, well

documented. Reconstruction of the eruptive history of the volcano during this time 'span 15

Vmainly based on the collection, interpretation, and synthesis of historical documentation and

has different approaches accqrding to their reliability. Very detailed, but in part confusing
or even misleading information is available about the AD 1631 eruption from ‘
contemporaneous or near-contemporaneous sources (Braccini, 1632, Danza, 1632, Falcone,
1632, Giuliani, 1632, Masculi, 1633, Mormile, 1635, Recupito, 1632, Naudet, 1632, De
Contreras, 1633). [The opening sentence of this section is one of the numerous descriptions
of the AD 1631 event. It describes a "river of fire" (rivo di fuoco) that, as meander, glowly

reaches the main road (strada regia).] Most of the more or less recent works are mainly

~ based on the same historical sources but end up with contrasting hypotheses. For example
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Arno' et al,, (1987) made a reconstruction of the 1631 event, underlining that the eruption was
exclusively characterized by explosive behaviour. In fact they affirmed that no lavas
connected with this event were recognised: all lava flows assigned to 1631 were said to be
older, having probably been erupted during the period 968-1 037. In contrast, Burn and D1
Girolamo (1975) affirmed that the eruption was certainly characterized by a significant

effusive componént Such a contrast can be due to subjective interpretations and it 1s
possible that hisforical sources can report altered version of the real course of the eruption,
especially if it was of wide proportion and rapidly changiﬁg.' Braccini, who is one of the
most accreditéd sources, together with rhany othér éontempomneoys authors, described tﬁe
beginning of the 1631 eruption as a huge column about 30 miles high. Naudet inexplicably.
missed this unmistakable "particular". Detailed recent geo-volcanological observations
(Rolandi et al,, 1991) confirmed the hypothesis of the initial explosive eruption V;lith a
sustained column. On the other hand, Braccini does not mention any bountiful rains on tixe
days of the eruptions and describes some "flows" as coming straight from the mountain. -This
could be interpreted as pyroclastic flows but all the other authors reporte& the same flows as
reéults of very Aheavy rain, which gives a completely d}iﬁ'erent volcanological picture.
However the importance of historical sources is not in discussion, buf it is equally important
to verify, when possible, their truthfulness with field observation and/or all the modem
sources. This study has shown that establishing whether or not different exposures or flows
are contemporaneous can be established, in most, but not all, cases successfully using their
magnetic remanences to define the geomagnetic field direction and infensity at the time of

eruption.

102 — Nature and frequency of Vesuvian eruptions.
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Vesuvius is probably the most famous volcano on Earth, and certainly one of the most, if
not the most dangerous. It is particular for its unusual versatility,‘ its activity ranging from
Hawéiian-style emission of very liquid lava, with fountains and lava lakes, to Sfrombdlian
and Vulcanian violeﬁtly explosive activity, including Plinian events that produce pyroclastic
flows and surges. The eruptive activity of Vesuvius is widely considered to occur in cycles
of several centuries, alternating with repose penods also of several centuries duration. Each
of these repose periods ends with a major (Plinian) eruption, thus initiating an active cycle.
One of the problems is that cycles app;arently do not always repeat exactly the same patterns
and phenomena. Thus, the cycle or cycles folloWing the 79 AD. eruption seem to have
been quite diﬁ'erént from the most recent one, lasting from 1631 until 1944, Crtically since.
December 1944 Vesuvius has remained dormant.  This long quiescent period departs from the
~ 1631-1944 pattern of activity. Therefore, the mode of the future renewal of activity cannot be
predicted at this stage.

Vesuvius is also well knc;wn for the high density of population living in the surrounding
area. Almost half a million people live in towns and villages around the volca.tio, in the zone
immedigtely threatened by future eruptions. Since the last empﬁon, occurred in 1944, the
population has had an exponential increase that also increased the volcanic hazard.
Basically the hazard is based on two principal parameters: the probability that a certain
volcanic phenomenon can happen and the damages that it can cause. On this basis, although
the next Vesuvian eruption cannot be predicted, the high density of population surrouhciing
the volcano makes Vesuvius a very high hazard phenomenon. For this reason knowledge of
- the frequency and nature of events plays an important role in assessing the hazard of this
volcanic area. As described above, it is still a matter of debate whether the AD 1631
eruption was a purely explosive or mixed explosive-effusive event. From this work all thé
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lava flow mean value obtained from V79-1631 had exactly the same direction as that of the
V1631 on the VSVC (see section 9.10.1). Therefore, the mean value obtained from the
directional study can be ascribed to that time and that lava flows were emitted during the
AD 1631 event. Hence it cannot be considered entirely explosive. Another case is thét the
age attributed in the literaturg to V1697 lava flow is not consistent with the directional -
fesults. In fact, its mean value seems to suggest a very different age (between AD 1595 and
AD 1537). Some poor historical sources do mention a minor event occurred in AD 1568
(Palmieri, 1880). Although more investigations are needed, it seems realistic that the age
AD 1696 attributed in literature is wrong and that a small effusive event did occur during the
XVI century, about 100 years before the last big eruption. This can be important as the'
eruptive activity of Vesuvius occurs in alternated cycles of activity and repose and that the
cycle or cycles preceding the AD 1631 are considered to be quite different from the most

recent one.

10.3 — Comparison of microwaves and MTT experiments

The types of lavas analysed are charactgrized by the dominance of high coercivity Ti- |
poor titanomagnetite (A1/A2 groups) and titanomagnetites with rglaﬁvely higher content of
titanium and lower coercivit}; (group B)'. The palaeointensity thermal experiment always
showed an inverse relationship between the temperature ranges and the palaeointensities
estimated, with slightly concave curves, or two clearly different slopes for temperature v.
intensity. All the samples belonging to groups A1/A2 showed very high values (sometime
too high) over low temperature ranges and acceptable value over high temperature ranges.
All the samples (except V24) belonging to group B showed clearly lower values at low and
high temperature ranges. As the magneto-mineralogy is almost the same in all the samples,
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it seems possible that differences in grain sizes may be important (section 9.9.3). Although

more eviderice 1s needed, 1t seéms that grain-size may be a more important factor in thermal

experiments than hasv generally been recognised. No partiéular relationship was observed

between magnetic property groups and microwave c-omponents Behaviour. From microwave

experiments one palaeofield estimate was, in general, obtained from the low range of the

microwave power. For almost all the sample analysed, considering the entire spectrum of thé

microwave power, therefore cbnsidering also thg unaccepted data where theta was tending to

increase with the increasing power, a convex microwave power relationship to intensity (the .
inverse to the céncave temperature relationship to intensi_ty) was observed. At this stage, it =
1s not clear why this relationship should exist It may, for e@ple, indicate that theA
microwave technique is even more sensitive to the grain size range or fhat the available
microwave power raxige now exceeds that necessary for isolating meaningful palaeointensity
dete?rninations for Vesuvian lava.

In terms of results (Fig.10.1) those obtained for AD 1631 from both techniques are
almost the same while those for AD 1714 are fairly consistent. All the others are’
significantly different In general the thermal experiment gives palaeointeﬂsity estimate
lower than the microwave (except fo; AD 1754 and 1760 which had two different estimates,
one higher and one lower thé.n the microwave value). Although the plots do not show .cleax
trends for either techniques, it seems that the microwave results are more consistent with a
linear décrmse in intensity, while the thermal results gives higher and somewhat more
variable time dependence of palacointensity. In both methods, the geomagnetic intensity
has been generally decreasing with increasing time, particularly if the older age (~ADv1540) |

is attributed to AD 1697. This general trend is similar to that. one obtained for the last few
century from other European, Mediterranean and Near East regions (Aitken et al., 1989).
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With empty circle a set of palaeointensity values from Mt. Etna, Sicily (Rolph & Shaw, 1986).




10.4 — Palaeointensity and Pélaeodirections as dating tools

It 1s well known that lava sequences can provide a series of readings of the geomagnetic
field at the time of their extrusion. However, without time-markers, their directions and
intensities can be used usefully only for correlation and discriminations between different
lava flows. Nommally one can date the rock when the palaeomagneﬁc field for that time has
already been determined for another site accofnpanied by an absolﬁte (usually radiorﬁetn’c) |
date. Poﬁssiurn-argon (K-Ar) and Ar-Ar techniques are amongst the most common but, as
with most dating tools, they are based on assumptions. In the case of K-Ar, for example,
any original Ar must be lost from the magma prior to crystallisation and cooling, and all A
39404y generéted subsequent to cooling must remain trapped in the rock. Unfortunately both
assumptions can fail since they are not immune from chemical alteration problems and, in
particular circumstances, original ¥Ar and **Ar can coexist wiﬁ those generated
subsequently. In addition this technique is neither very sensitive for very young ages nor
cheap. This study has shown that historic Vesuvian lava flows can record and retain
palaeoﬁxagnetic informatién that can be successfully used to define the geomagnetic field
direction and intensity at the time of eruption; This char-actexistic, in the case of Vesuvius
that has erupted almost continuously for three centuries (AD 1631-1944) and for which most
of the events are well documented, makes palaeomagnetic methods particularly valid as
dating tools. From this study a better definition of the geomagnetic field has been obtained
for the XVIII and XIX centuries, at least for directional data, while for the first time both |
palaeodirection and palaeointensity (the latter evaluated ﬁsing two corﬁpletely different
techniques) identified lava flows emitted during the AD 1631 event. This result, so far, has
- not been obtained from any other dating tools, despite the volcanological importance of this
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eruption. However, this result is the only one obtained from the combined direction and
intensity determinations. For all the other lava flows, thermal and microwave
palaeointensity determinations showed a low level of agreement and ambiguous age
intefpreiations in some cases. Furthermore although directional data obtained frofn thermal
experiments showed that they work extremely well on lava, no comparable directional
studies have yet been made using microwave experiments to establish if the components

isolated in this way have the same directional values as those determined thermally.

10.5 — Further work

Form this work it appears that Vesuvian lava flows can record and retain directional-
palaeomagnetic information somewhat more successfully thaﬁ the intensity. This could be ‘
due to a particular characteristic of minerals involved in the process of acquisitién of
magnetic remanence in these particular lavas or it could be due to the current accuracy of
techniques at this stage of development. It is also possible that the basic linear felationship
hybothesised between NRM and TRM is not valid at least for Vesuvian la\é& In order to
understand that more study are suggested on the following:

Vesuvian M agneto-mineralog

More studies are suggested, especially on detexmining grain-sizes. In fact more evidence
is needed to understand why ‘this factor appears to be so influential on both thermal and
microwave palaeointensity experiments. Furthermore it is not clear why this influence
seems to be more evident in microWave technique than in thermal experiments. Howgver, it
is also not clear which technique is actually more valid as all comparisons, at this stage are
with previous thermal methods or extrapolations of geomagnetic values, only made since

1835.
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Palaeointensity experiments: thermal and microwave

The “écceptable” microwave values are all established at lower power ranges than the
“unacceptable” values, indicating that the avai'léble microwave power range now exceeds
~ that necessary for isolating meaningful palaeointensity determinations from these types of
lava. The convex microwave power relationship to intensity, observed using all the data
points, was the inverse of that of the concave temperature relationsﬁip to intensity. At this
stage, it is not clear why this relatioﬁship should exist. It may be related to the fact (as
pointed out above) that the microwave technique is even more sensitive to the grain size
range, or to the high stability of the primary direction of magnetization which probably
become less stable with the increasing power . Or it is simply too subject to human errors.

Vesuvian eruptions |

As described earlier, the age attributed in the literature to V1697 lava flow is not
consistent with the directional resulﬁ. In fact, its ‘mean value seems to suggest a very
different age (between AD 1595 and AD 1537). On the base of the present work, it seems
that the age of AD 1696 attributed in literature is wrong and that a small effusive event did
occur during»the XVI century. However, because of the importance of this infon:naﬁon for

the Vesuvius volcanic hazard, more evidence is needed and further investigations are

recommended.
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